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REPORT  OF  THE  DIRECTOR 

FOR   THE    ACADEMIC    YEAR    ENDING    JUNE    30,    I93O 

To  the  President  of  the  University 

Sir: 

I  have  the  honor  to  submit  the  seventeenth  annual  report 
of  the  Institute  of  Cancer  Research. 

With  the  shifting  of  the  cancer  death  rate  into  second  place 
on  the  mortality  list,  being  exceeded  only  by  heart  disease, 
popular  interest  in  the  subject  becomes  each  year  more  acute. 
The  newspapers  are  carrying  a  large  amount  of  educational 
and  informative  matter  and  also,  unfortunately,  are  apparently 
compelled  to  print  as  news  a  considerable  amount  of  matter 
which  should  properly  appear  in  the  advertising  columns 
and  be  paid  for  as  such.  An  unfortunate  illustration  of  the 
power  of  the  press  has  been  the  stampeding  to  the  west  coast 
of  a  large  number  of  cancer  patients  in  order  to  obtain  injec- 
tions of  a  fluid  which  even  the  originators  did  not  claim  would 
cure  cancer.  Nevertheless,  the  press  reports  were  so  lurid 
that  many  credulous  people  were  deceived  into  thinking  that 
an  actual  cure  was  promised.  The  delusion  was  not  limited 
to  the  so-called  lower  classes.  Even  highly  intelligent  pro- 
fessional people  were  led  to  believe  that  at  last  something 
wonderful  had  beeen  discovered.  But  the  only  cancer  cures 
which  have  survived  in  the  hands  of  the  profession  for  more 
than  a  year  or  so  have  been  surgery  and  radiation.  The  short 
duration  of  the  life  of  a  patient  afflicted  with  this  disease 
brings  rapid  disillusionment  to  the  public  when  a  cure  is  not 
forthcoming.  All  of  this  publicity  has,  however,  a  side  which 
will  ultimately  benefit  the  race,  for  it  has  interested  people 
who  are  generous  and  see  with  sufficient  clarity  that  the 
only  way  in  which  cancer  ever  is  to  be  cured  is  by  exhaustive 
and  time-consuming  research  as  to  the  nature  of  the  disease; 
and  when  that  fundamental  problem  is  solved,  it  will  be  time 
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to  look  for  a  cure.  Nothing  will  be  gained  by  rambling,  guess- 
work investigation  by  incompetent  students  of  the  subject. 
If  the  money  which  was  wasted  by  those  who  journeyed  to 
California  this  year  had  been  devoted  instead  to  research, 
it  would  almost  certainly  have  shortened  the  period  which 
must  elapse  before  we  know  that  the  varieties  of  cancer  which 
are  not  curable  at  present  may  ultimately  yield  to  our  attack. 
How  little  is  available  for  research  on  cancer  is  shown  by  the 
fact  that  not  over  four  hundred  thousand  dollars  a  year  is 
spent  on  that  subject  in  the  entire  world.  Many  large 
corporations  spend  five  times  that  amount  annually  on 
commercial  research. 

The  Institute  has  received  during  the  year  a  number  of 
donations,  which  are  not  only  generous  in  amount,  but  espe- 
cially valuable  in  that  the  sum  given  was  for  immediate 
expenditure  to  expedite  the  development  of  various  research 
problems.  This  is  especially  satisfactory  as  such  sums  can 
be  applied  directly  to  the  salary  of  competent  workers  and 
not  be  consumed  in  overhead,  for  the  ample  equipment  of  the 
Institute,  both  instrumental  and  in  the  form  of  experimental 
animals,  permits  of  more  research  than  our  present  salary 
budget  will  allow. 

The  Institute  continues  to  furnish  animals  grafted  with 
a  variety  of  tumors  to  many  laboratories  and  individual 
investigators  throughout  the  country  and  also  abroad.  The 
list  of  those  receiving  such  inoculated  animals  is  now  so  long 
that  space  will  not  permit  its  printing. 

Professor  Wood  and  Dr.  Krehbiel  have  continued  their 
investigation  on  the  distribution  of  colloidal  metals,  especially 
lead,  in  the  organs  of  tumor-bearing  mice  and  rats  and  have 
published  a  short  preliminary  communication  showing  that 
after  injection  of  minute  amounts  of  such  metals  it  is  possible 
to  find  traces  of  them,  both  in  the  tumors  and  tissues  of  the 
body  by  suitable  technical  procedures. 

Dr.  Krehbiel  has  continued  his  work  in  testing  a  large 
series  of  lead  preparations  of  various  types  produced  by  a 
group  of  chemists  working  on  the  subject.  The  method 
consists  of  injecting  into  the  veins  of  an  animal  bearing  a 
known  tumor  increasing  doses  of  the  chemical  which  has  been 


INSTITUTE     OF     CANCER     RESEARCH  5 

synthesized  and  then  twenty-four  or  forty-eight  hours  later 
killing  the  animal,  slicing  across  the  tumor  and  comparing 
the  damage  produced  with  a  control  tumor  of  the  same  strain 
and  with  a  tumor  which  has  been  treated  with  the  original 
preparation  of  lead  devised  by  Professor  W.  Blair  Bell  of 
Liverpool.  However,  it  may  be  recalled  that  Ehrlich  tested 
six  hundred  and  six  compounds  before  he  discovered  salvarsan, 
yet  while  the  problem  is  more  difficult  with  cancer  because 
the  disease  is  not  a  parasitic  one,  it  is  far  too  soon  to  dis- 
continue such  investigation,  for  it  is  perfectly  possible  that  a 
lead  compound  will  be  discovered  which  is  highly  toxic  to 
the  tumor  and  not  so  toxic  to  the  animal  which  bears  it. 
Should  this  be  accomplished,  the  treatment  of  cancer  by 
medicine  will  be  in  sight. 

A  problem  of  some  practical  interest  was  finished  during 
the  year  by  Professor  Wood.  This  was  the  proof  that  purified 
mineral  oils  which  are  used  largely  in  medical  practice  have  no 
power  to  cause  cancer.  A  good  deal  of  apprehension  has  been 
excited  by  the  publication  from  England  of  a  large  series  of 
examples  of  cancer  occurring  in  workers  in  close  contact  with 
certain  types  of  lubricating  oils.  The  wide  circulation  of 
these  facts  in  the  daily  press  of  this  country  naturally  gave 
rise  to  a  certain  amount  of  apprehension,  though  the  fact 
that  literally  tons  of  vaseline  have  been  smeared  on  human 
skin  in  the  last  twenty  or  thirty  years  might  have  furnished 
sufficient  evidence  that  the  purified  oils  were  harmless.  This 
proved  to  be  the  case.  Mice  which  were  known  to  be  sus- 
ceptible to  cancer  were  painted  with  the  oil  but  remained  in 
perfect  health.  Rats  also  were  fed  oil  for  a  long  period  without 
any  deleterious  effect  being  noted.  The  public  can,  therefore, 
safely  return  to  their  mineral  oil  diet,  for  the  product  which 
caused  cancer  in  crude  petroleum  has  been  removed  by 
chemical  processes  before  the  medicinal  oils  are  sold.  The 
English  investigators  have  shown  that  the  lubricating  oils 
which  in  the  past  have  produced  cancer  in  those  using  them 
may  be  freed  from  this  unpleasant  capacity  by  relatively 
simple  chemical  purification.  It  is  probable,  therefore,  that 
the  mule  spinners'  cancer,  as  it  is  called,  will  vanish  from 
England  under  suitable  legislative  control,  just  as  chimney- 
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sweeps'  cancer,  which  was  once  a  greatly  dreaded  matter  has 
now,  under  suitable  regulation,  practically  disappeared. 

Professors  Prime  and  Wood  have  been  carrying  on  long 
series  of  studies  as  to  the  exact  nature  of  the  process  which 
occurs  when  tumors  are  exposed  to  repeated  small  amounts 
of  radiation  as  compared  with  single  large  applications.  It 
is  hoped  that  these  studies,  when  finished,  will  be  of  practical 
value  in  directing  human  treatment  with  this  physical  agent. 

During  the  year  Professor  Wood  published  a  number  of 
papers:  one  on  the  "Diagnosis  of  Cancer,"  read  at  the 
meeting  of  the  American  Medical  Association  last  June, 
another  on  "Mortality  Statistics,"  read  before  the  Public 
Health  Association  at  its  meeting  in  January,  1930,  and 
several  papers  on  experimental  matters,  reference  to  which 
will  be  found  appended. 

Professor  William  H.  Woglom  has  repeated  the  work  of  a 
group  of  French  investigators  who  reported  that  the  adminis- 
tration of  adrenal  gland  from  a  rabbit  that  had  undergone 
preliminary  treatment  with  a  mouse  tumor  would  delay  the 
growth  of  this  tumor  in  mice.  No  inhibition  could  be  demon- 
strated in  the  case  of  two  of  the  tumors  from  the  Crocker 
Institute  stock. 

This  well  illustrates  the  remarks  made  in  last  year's  report 
reflecting  the  loss  of  time  entailed  in  assaying  the  hasty  and 
inaccurate  work  of  untrained  observers.  Yet  it  is  the  duty 
of  a  large  laboratory  to  examine  carefully  such  reports  as 
are  not  too  preposterous,  for  our  ignorance  of  the  situation 
is  so  profound  that  no  one  can  say  from  which  direction 
enlightenment  may  ultimately  come. 

Professor  Woglom  has  begun  an  experiment  to  determine 
in  which  phase  of  growth  a  tumor  may  be  most  advantageously 
transplanted,  in  the  hope  that  some  assistance  may  be  given 
in  the  matter  of  obtaining  better  controls.  At  present  a  large 
number  of  experiments  have  to  be  rejected  because  the 
difference  between  the  treated  animals  and  the  untreated 
controls  is  too  small  to  be  significant. 

In  the  meantime,  the  investigation  on  immunity  mentioned 
in  last  year's  report  is  being  continued. 

During  the  last  year  Dr.  Charles  Packard  has  been  using 
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the  eggs  of  the  fruit  fly  in  the  study  of  three  very  different 
problems:  first,  to  calibrate  a  commercial  X-ray  dosimeter; 
second,  to  measure  the  amount  of  radiation  scattered  back- 
ward from  an  absorbing  medium;  and  third,  to  determine 
the  effect  of  division  rate  on  the  sensitivity  of  cells.  These 
eggs  are  so  constant  in  their  response  to  definite  doses  of 
X-rays  that  the  proportion  which  is  killed  by  an  exposure 
can  be  used  to  determine  the  amount  of  radiation.  When 
the  eggs  and  a  dosimeter  are  exposed  at  the  same  time  it  is 
possible  to  determine  whether  the  latter  is  registering  accu- 
rately or  not.  This  study  showed  that  the  measuring  instru- 
ment employed  records  correctly  at  voltages  from  100,000  to 
200,000,  but  does  not  at  lower  voltages.  The  eggs  have  also 
proved  useful  in  determining  whether  the  dosimeter  is  in 
good  condition  for  use. 

The  amount  of  radiation  scattered  back  from  an  absorbing 
medium  is  important  in  therapy  since  these  rays  add  to  the 
effect  of  the  primary  beam.  How  much  they  contribute  to 
the  total  result  was  determined  by  exposing  eggs  first  without 
any  scattering  medium,  and  then  with  a  block  of  paraffin 
below  them.  The  increased  death  rate  in  the  latter  case 
showed  that  the  amount  of  scatter  may  be  as  high  as  40 
per  cent  at  high  voltages  with  a  large  portal.  With  lower 
voltages  it  is  much  less. 

That  cells  are  in  general  more  sensitive  when  they  are 
dividing  rapidly  has  long  been  known.  How  much  more 
sensitive  they  are  can  be  determined  by  varying  the  tempera- 
ture in  which  they  develop.  The  division  rate  of  the  fruit 
fly  eggs  varies  widely,  being  very  low  in  the  cold,  and  high  at 
a  moderate  degree  of  temperature.  If  then  they  are  radiated 
at  low,  medium,  and  high  temperatures  the  quantitative  effect 
of  the  rays  can  be  determined.  The  experiments  show  that 
there  is  a  real  difference  in  sensitivity,  those  dividing  slowly 
being  definitely  less  sensitive  than  those  dividing  rapidly. 
The  difference  is  much  less  than  had  been  anticipated.  A 
further  result  of  interest  is  that  when  these  eggs  are  radiated 
at  room  temperature  and  then  reared  in  the  cold  or  in  an 
incubator,  the  former  show  a  much  lower  death  rate.  This 
suggests  that  the  effect  is  in  part  determined  by  the  environ- 
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ment  of  the  radiated  tissue  after  exposure.  Living  matter 
always  tends  to  recover  from  injury;  it  may  be  helped  or 
hindered  in  this  process  by  appropriate  means. 

Drs.  F.  D.  Bullock,  M.  R.  Curtis,  and  W.  F.  Dunning 
are  continuing  experiments  with  Cysticercus  disease  of  the 
rat  and  its  frequent  complication,  Cysticercus  sarcoma  of 
the  rat  liver.  Thus  far  over  three  thousand  tumors  have 
been  produced.  The  data  on  the  susceptibility  to  Cysticercus 
sarcoma  is  now  available  for  ten  to  twelve  generations  of 
inbred  rats.  A  statistical  investigation  of  the  genetic  factors 
involved  in  the  transmission  of  this  susceptibility  is  in  progress. 

A  statistical  study  of  the  occurrence  of  520  spontaneous 
tumors  in  the  large  pedigreed  colony  of  rats  has  been  com- 
pleted and  will  appear  in  the  January  number  of  the  American 
Journal  of  Cancer.  An  inbred  line  of  the  Fischer  strain  was 
found  to  show  the  highest  frequency  of  sarcomata  of  the 
mesenteric  lymph  nodes.  A  benign  tumor  of  the  thymus  was 
confined  in  its  occurrence  to  the  Copenhagen  strain.  Each 
of  these  strains  showed  a  definite  hereditary  tendency  to  its 
specific  type  of  tumor.  These  strains  and  others  which  are 
not  susceptible  to  either  type  of  tumor  are  being  continued 
and  the  appropriate  crosses  are  being  made  to  determine  the 
exact  mode  of  inheritance  of  the  susceptibility  to  these  tumors. 

Several  inbred  lines  of  rats  have  been  tested  in  regard  to 
their  susceptibility  to  transplanted  tumors.  Among  the 
inbred  lines  in  this  laboratory  one  was  found  to  be  susceptible 
to  the  well-known  Jensen  rat  sarcoma  and  negative  to  a 
transplanted  Cysticercus  sarcoma,  while  several  lines  showed 
the  reverse  susceptibility.  Crosses  have  been  made  between 
these  strains  and  their  descendants  have  been  tested  for 
susceptibility  to  both  tumors.  This  material  is  now  being 
prepared  for  analysis. 

A  study  has  been  made  by  Dr.  W.  F.  Dunning  of  the 
effect  of  X-ray  radiation  on  mutation  rate,  variability,  and 
fertility  of  the  parasitic  wasp  Habrobracon  juglandis  (Ash- 
mead).  Individuals  were  treated  for  various  time  intervals 
with  X-rays  at  the  rate  of  70  or  120  Roentgen  units  per 
minute,  and  at  the  several  stages  in  the  life  cycle  from  mature 
eggs  in  the  body  of  the  mother  to  two-  and  three-day  larvae. 
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X-ray  radiation  was  found  to  be  effective  in  increasing  the 
mutation  rate  not  only  of  the  individuals  treated,  but  also  of 
their  descendants  for  several  successive  generations.  X-rays 
were  also  effective  in  increasing  the  variability  and  increasing 
sterility  of  the  treated  individuals  and  of  their  descendants. 

Dr.  Jacob  Heiman  has  finished  an  investigation  of  the 
effect  of  ultra-violet  light  as  a  possible  agent  in  the  production 
of  skin  cancer.  Experiments  were  conducted  on  rabbits  who 
were  given  large  doses  of  ultra-violet  light  such  as  is  used  in 
the  treatment  of  human  beings,  but  no  cancer  was  produced. 
This  negative  result  does  not  necessarily  contradict  the 
positive  results  which  were  obtained  by  certain  English 
investigators  using  mice,  for  the  skin  of  the  mouse  is  much 
more  sensitive  to  irritation  than  is  the  human  skin  or  that  of 
the  rabbit.  Hence,  while  it  is  well  known  that  prolonged 
exposure  to  the  sunlight  in  those  engaged  in  outdoor  vocations 
may  be  followed  by  irritation  of  the  skin  which  ultimately 
may  develop  into  something  of  a  more  serious  nature,  yet 
the  relative  infrequency  of  this  occurrence  in  human  beings 
and  the  negative  results  in  rabbits  show  that  the  effect  is  not 
constant  and  it  may  be  due  wholly  to  some  constitutional 
susceptibility  of  the  individual.  Dr.  Heiman  is  also  con- 
tinuing his  study  of  certain  benign  tumors  in  rats  and  has 
succeeded  in  carrying  on  in  several  generations  the  fibrous 
and  adenomatous  portions  of  a  benign  rat  fibroadenoma, 
thus  showing  the  independence  of  the  epithelial  and  con- 
nective tissue  structures  in  such  tumors. 

For  the  last  six  months  Mr.  Ivan  O.  Lee  has  been  working 
under  Professor  Wood's  direction  attempting  to  develop  a 
spectroscopic  method  of  analysis  of  minute  quantities  of 
animal  tissues  so  that  investigation  of  the  changes  in  the 
relations  between  some  of  the  essential  elements  of  the  blood 
can  be  carried  out  on  small  animals  without  too  great  dis- 
turbance of  the  health  of  the  individual.  Hitherto  it  has 
been  necessary  to  conduct  such  studies  on  pooled  blood  of  a 
considerable  number  of  animals,  and  the  obtaining  of  the 
necessary  quantity  usually  necessitated  killing  the  animal, 
thus  interfering  with  the  further  study  of  the  condition  under 
investigation.    But  the  successful  development  of  the  method 
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on  which  Mr.  Lee  has  been  engaged  will  permit  of  continuous 
studies  on  small  animals  and  also  will  be  applicable  to  human 
beings  in  making  chemical  blood  analyses,  for  a  drop  will 
be  all  that  will  be  required. 

The  enforced  retirement  of  Mr.  Harold  M.  Terrill  from 
the  laboratory  owing  to  ill  health  unfortunately  left  the 
Institute  without  a  physicist  and  seriously  interfered  with 
the  completion  of  certain  problems  long  under  active  investiga- 
tion. It  is  to  be  hoped  that  this  work  can  now  be  resumed 
as  Mr.  Frank  M.  Exner,  who  has  had  long  experience  in 
teaching  and  research  in  physics  will  come  to  us  in  the  fall 
from  his  present  place  at  Yale  University.  With  this  re- 
organization of  the  laboratory's  activities  in  physics  it  is  hoped 
also  that  some  of  the  problems  with  regard  to  the  growth  of 
cells  in  culture  media,  which  were  abandoned  in  this  Institute 
some  ten  years  ago  for  technical  reasons,  may  again  be 
developed  and  the  various  correlated  problems,  both  physical 
and  chemical,  for  which  such  tissue  cultures  are  admirably 
suited,  may  also  be  reopened. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors 
at  the  Institute  during  the  summer  session. 

The  Journal  of  Cancer  Research,  which  was  first  published 
in  January,  1916,  by  the  American  Association  for  Cancer 
Research,  and  transferred  in  1925  to  the  Institute  of  Cancer 
Research,  will  cease  publication  under  that  name  January  1, 
1 931.  The  last  volume  was  No.  xiv.  Volume  xv  of  the 
continuation  of  the  Journal  will  appear  from  the  Institute 
of  Cancer  Research  under  the  editorship  of  Professor  Francis 
Carter  Wood,  as  the  American  Journal  of  Cancer.  This 
continuation  will  be  on  a  greatly  expanded  scale  covering 
not  only  research  but  including  also  clinical  material  and 
extensive  abstracts  of  all  articles  pertaining  to  cancer,  the 
intention  being  to  make  it  an  all-inclusive  publication  on  the 
subject.  This  great  increase  in  the  scope  of  the  Journal  has 
been  made  possible  by  the  generous  support  offered  by  the 
Chemical  Foundation. 

A  list  of  the  most  important  publications  of  the  members 
of  the  laboratory  staff  during  the  year  follows: 


INSTITUTE  OF  CANCER  RESEARCH    II 

"Spontaneous  Tumors  of  the  Rat,"   Frederick  D.   Bullock  and   M.   R. 

Curtis.    Journal  of  Cancer  Research,  1930,  xiv  (March),  pp.  1-113. 
"Biological    Measurement    of   Scattered    Radiation,"    Charles    Packard. 

Journal  of  Cancer  Research,  1929,  xiii  (December),  pp.  373-82. 
"A  Biological  Calibration  of  an  X-Ray  Dosimeter,"   Charles  Packard. 

Journal  of  Cancer  Research,  1930,  xiv  (March),  pp.  134-43. 
"Failure  of  Spleen  from  Tumor-Bearing  Animals  to   Produce  Cancer," 

William  H.  Woglom.     Journal  of  Cancer  Research,  1929,  xiii  (October), 

pp.  305-12. 
"Carcinogenic  Activity  of  Tar  in  Various  Dilutions,"  William  H.  Woglom 

(with  Louis  Herly).    Journal  of  Cancer  Research,  1929,  xiii  (December), 

PP-  367-72. 
"Cancer  as  We  Know  It,"  William  H.  Woglom.     American  Journal  of 

Nursing,  1930,  xxx  (May),  pp.  543-49. 
"  Krebsbiologie  und  Bestrahlung,"  Francis  Carter  Wood.    Strahlentherapie, 

1929,  xxxii,  pp.  455-64- 
"The    Need   for   Cancer    Morbidity   Statistics,"    Francis   Carter   Wood. 

American  Journal  of  Public  Health,  1930,  xx  (January),  pp.  11-20. 
"Roentgen  Treatment  of  Uterine  Fibromyomas,"  Francis  Carter  Wood. 

Journal  of  the  American  Medical  Association,   1930,  xciv  (March   1), 

pp.  601-604. 
"The  Noncarcinogenic  Nature  of  Purified  Mineral  Oils."  Francis  Carter 

Wood.    Journal  of  the  American  Medical  Association,  1930.  xciv  (May), 

pp.  1641-43. 
"Experimental   Investigation  of  Lead  Therapy,"  Francis  Carter  Wood. 

American  Journal  of  Roentgenology,  1930,  xxiii  (March),  pp.  299-303. 
"The  Contributions  of  Experimental  Studies  to  Radiotherapy,"  Francis 

Carter  Wood.     Radiology,  1930,  xiv  (March),  pp.  263-66. 
Chapter  on  Cancer,  Francis  Carter  Wood.     Americana  Annual. 
Journal  of  Cancer  Research.     Francis  Carter  Wood,  editor. 

Respectfully  submitted, 

Francis  Carter  Wood, 

Director 
June  30,  1930 
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To  the  President  of  the  University 

Sir: 

I  have  the  honor  to  submit  the  eighteenth  annual  report  of  the 
Institute  of  Cancer  Research. 

During  the  past  year  there  have  been  no  outstanding  discoveries 
concerning  cancer,  yet  all  the  institutes  which  have  been  working 
on  the  subject  have  made  contributions  of  interest  and  some  of  real 
value.  It  is  probable  that  if  the  problem  of  cancer  is  ever  solved 
it  will  be  done  by  just  such  patient  industry  on  the  part  of  a  large 
number  of  trained  investigators  and  not  by  a  brilliant  stroke  of 
the  imagination.  It  may  be  that  when  the  accumulation  of  funda- 
mental facts  concerning  the  life  and  growth  of  the  cell  has  progressed 
considerably  further,  some  Pasteur  or  Darwin  of  the  cancer  world 
will  synthesize  the  already  accumulated  facts  and  draw  far-reaching 
conclusions  which  may  facilitate  cancer  investigation  along  novel 
and  perhaps  more  fruitful  lines  than  hitherto  touched.  But  it  would 
be  presumptuous  to  hazard  a  guess  as  to  how  soon  such  a  situation 
will  arise.  In  the  meantime  everyone  who  studies  the  biology  of 
living  cells,  who  isolates  ferments,  who  expands  our  knowledge  of 
the  chemistry  of  the  cell,  is  doing  in  a  sense  cancer  research,  for 
it  is  upon  the  foundation  work  of  the  fundamental  sciences  that  the 
final  edifice  will  be  erected.  Primarily  the  fundamental  problem  is 
one  of  the  laboratory  and  not  one  of  the  clinic.  Yet  with  ever  widen- 
ing knowledge  we  know  less.  The  situation  may  be  illustrated  by 
the  statement  of  a  famous  biologist  who,  when  a  student  asked  him 
why  a  cell  divided,  replied  that  he  could  have  told  him  if  he  had 
asked  him  the  question  twenty  years  ago,  but  that  now  we  know 
so  much  more  about  the  cell  that  he  was  quite  in  doubt  as 
to  the  valid  underlying  causes  of  so  simple  a  process  as  the 
splitting  of  a  cell. 
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In  a  recent  volume  on  the  cultivation  of  tissues,  a  method  which 
owes  its  inception  to  the  brilliant  work  of  Professor  Ross  G.  Harri- 
son of  Yale,  is  recorded  an  experiment  where  the  growing  nerve 
cells  of  a  frog  in  a  solution  put  out  living  nerve  filaments  which 
in  the  body  ultimately  would  grow  to  some  muscle.  Harrison's 
discovery  was  developed  by  Carrel  who  so  improved  the  technic 
that  it  was  possible  to  keep  under  cultivation  cells  from  an  un- 
hatched  chick  for  eighteen  years.  This  new  method  of  studying 
the  life  of  the  cell  has  proved,  as  far  as  cancer  is  concerned,  only  the 
discouraging  fact  that  the  cancer  cell  differs  in  no  way  from  the 
healthy  normal  cell  from  which  it  is  derived  except  in  a  quantitative 
way.  In  other  words,  the  cancer  cell  is  equipped  with  no  new  mech- 
anisms, no  new  abilities,  no  unknown  powers,  but  rather  is  a  some- 
what feeble  cell  which  does  not  live  as  long  under  similar  conditions 
as  healthy  cells.  The  old  idea  of  a  cancer  being  a  powerful  army 
of  victorious  soldiers  has  changed  to  the  view  that  these  are  rather 
feeble  parasitic  cells  which  only  grow  because  they  die  so  easily, 
their  very  death  bringing  fresh  growth.  This  is  the  epitome  of  a 
quarter  of  a  century  of  most  painstaking  research.  But  if  the  busi- 
ness man  considers  this  progress  slow,  he  should  be  reminded  that 
there  is  a  difference  between  discovery  and  invention.  The  produc- 
tion of  improved  machinery  is  very  different  from  the  discovery 
of  hitherto  unrevealed  facts.  The  scientist  could  well  reply  that 
in  the  whole  world  there  are  no  more  funds  for  cancer  research  each 
year  than  the  annual  interest  on  the  cost  of  two  destroyers.  Perhaps 
the  solution  of  the  cancer  problem  may  come  as  soon  as  the  solution 
of  the  problem  of  the  prevention  of  poverty  or  of  old  age. 

There  has  been  much  in  the  public  press  concerning  enormous 
X-ray  tubes,  and  a  certain  amount  of  misunderstanding  has 
resulted  from  the  assumption  that  because  these  tubes  carry  high 
voltages  they  will  accomplish  in  the  cure  of  cancer  something  en- 
tirely unexpected  and  of  extraordinary  value,  but  as  a  matter  of 
fact  such  high-voltage  X-rays  are  no  more  effective  in  the  killing 
of  the  individual  cell  than  are  any  other  X-rays,  and  inasmuch  as 
miracles  have  not  followed  the  use  of  radium,  which  gives  off  the 
equivalent  of  a  two  million  volt  X-ray  tube,  disappointment  might 
have  been  avoided  with  a  little  more  accurate  information.  It  was 
therefore  fortunate  that  during  the  past  winter,  through  the 
kindness  of   Professor   Robert  A.    Millikan,   an   opportunity  was 
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given  to  Dr.  Packard  of  this  Institute  to  make  a  practical  test  on 
the  eggs  of  the  fruit  fly  Drosophila  and  on  the  well-known  tumor  of 
the  Crocker  Laboratory,  Mouse  Tumor  180,  of  the  great  X-ray 
tube  set  up  by  Dr.  Lauritsen  in  the  California  Institute  of  Tech- 
nology. When  the  X-rays  were  measured  with  the  usual  standard 
apparatus  in  Roentgen  units,  they  were  found  to  be  no  more  effective 
in  killing  cells  than  X-rays  of  much  lower  power.  However,  they 
possess  one  advantage.  They  penetrate  more  deeply  into  the  body; 
but  such  penetration  is  not  always  necessary  or  even  desirable. 
So,  while  these  tubes  which  have  been  developed  at  Pasadena  and 
elsewhere  are  of  extraordinary  interest  scientifically  in  physical 
research,  they  may  not  bring  nearer  a  practical  solution  of  the 
cancer  problem. 

During  the  year  the  Institute  has  been  fortunate  in  receiving  a 
number  of  donations  which  have  been  very  valuable  in  that  they 
have  permitted  the  development  of  certain  pieces  of  work  which 
otherwise  would  have  had  to  be  abandoned.  For  some  years,  for 
instance,  the  Director  has  been  desirous  of  taking  up  again  tissue 
culture  and  of  completing  certain  lines  of  investigation  which  had 
been  abandoned  for  lack  of  funds.  He  was  fortunate  in  being  able 
to  get  Dr.  Johannes  P.  M.  Vogelaar  who  comes  from  Leyden, 
Holland,  with  a  reputation  for  high  technical  skill  in  this  field, 
and  through  the  kindness  of  the  Board  of  Managers  of  Saint  Luke's 
Hospital  has  obtained  abundant  space  near  the  operating  rooms 
for  this  research  work.  The  development  of  tissue  culture  technic 
has  reached  the  point  where  it  is  perfectly  simple  to  culture  animal 
tumors  over  a  long  period.  It  is  much  more  difficult  to  grow  human 
tumors,  so  by  this  fortunate  fusion  of  university  and  hospital  it 
has  been  possible  to  give  Dr.  Vogelaar  an  opportunity  to  obtain 
fresh  human  material  for  cultivation  just  after  its  removal  from 
the  body.  The  human  tumors  are  so  delicate  that  their  trans- 
portation any  distance,  with  the  consequent  damage  to  the  cells, 
adds  greatly  to  the  difficulty  of  obtaining  consistent  results.  Dr. 
Vogelaar  has  succeeded  in  keeping  a  variety  of  normal  human 
tissues  alive  for  many  months.  These  stocks  of  cultivated  normal 
tissues  are  used  as  standards  to  compare  with  the  descendants 
of  the  same  type  of  cells  which  were  once  normal  and  have  now 
become  a  cancer. 
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The  Institute  is  also  fortunate  in  having  as  a  guest  from  Johns 
Hopkins  Mr.  William  Mendelsohn,  who  is  likewise  carrying  on 
tissue  culture  work. 

Professor  Wood  and  Dr.  Krehbiel  are  still  continuing  their 
investigation  on  the  distribution  of  colloidal  metals  in  tumors  and 
have  begun  a  study  as  to  the  effect  of  a  variety  of  lead  compounds 
on   metastases  of  animal   tumors  produced   by  massaging    them. 

Dr.  William  H.  Woglom  is  continuing  his  studies  of  the  immunity 
which  develops  after  the  inoculation  of  certain  types  of  trans- 
plantable tumors.  Various  sources  of  fallacy  are  being  eliminated 
one  by  one,  but  as  always  where  new  ground  is  being  broken  there 
is  no  method  of  advance  developed  save  that  of  trial  and  error — 
a  notoriously  slow  and  laborious  process.  Additional  studies  have 
been  made  on  the  transplantation  of  tumors  in  various  phases  of 
growth,  but  as  the  work  continues,  it  is  evident  that  the  size  and 
age  of  the  tumor  is  a  matter  of  comparative  indifference  so  far  as 
its  subsequent  growth  in  another  series  of  animals  is  concerned. 

The  work  of  Dr.  Charles  Packard  during  the  year  1 930-1 931 
has  been  devoted  almost  entirely  to  the  effect  of  the  shortest  and 
longest  X-ray  wavelengths  now  available  for  radiation  therapy. 
Through  the  fortunate  circumstance  previously  mentioned,  a  study 
on  the  radiation  given  off  by  the  550,000  volt  tube  at  the  California 
Institute  of  Technology  was  possible.  The  problem  was  to  deter- 
mine whether  these  rays  have  the  same  biological  effect  as  the 
radiations  of  much  longer  wavelength  which  have  been  studied 
during  the  last  fourteen  years  in  the  Institute  of  Cancer  Research. 
As  test  objects  Drosophila  eggs  and  Mouse  Tumor  180  were  used. 
These  two  types  of  cells,  biologically  very  different,  responded 
to  the  measured  doses  in  precisely  the  same  way  regardless  of 
the  wavelength  and  demonstrated  the  fact  that  the  biological 
effect  of  penetrating  radiation  was  correlated  with  the  amount 
of  ionization  produced  and  not  with  the  wavelength.  Similar 
experiments  with  the  same  tube  running  at  300,000  volts  showed 
results  exactly  comparable  to  those  found  at  550,000.  At  550,000 
volts  the  shortest  wavelength,  about  0.02  Angstrom  units,  is 
well  within  the  range  of  the  gamma  rays  of  the  radium  used  in 
practice  in  the  treatment  of  cancer.  No  gamma  rays  have  been 
demonstrated  shorter  than  0.005  A,  which  corresponds  to  a  pressure 
of  over  2,000,000  volts.    The  ordinary  range  of  gamma  rays  used 
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is  from  0.07  to  0.005  A.  Dr.  Packard's  observations  at  550,000 
volts  included  all  the  rays  from  0.07  to  0.02  A,  the  shortest  known 
radium  wavelength  therefore  being  about  one-quarter  of  the  shortest 
X-ray.  It  is  very  doubtful,  therefore,  that  there  is  any  biological 
difference  in  the  remaining  range  of  short  wavelengths.  That  a 
molecule  of  protoplasm  injured  by  a  flying  electron  is  able  to 
determine  whether  the  projectile  comes  from  a  gamma  ray  four 
times  as  short  as  the  other  is  very  questionable  in  the  light  of  the 
fact  that  such  a  molecule  has  been  shown  not  to  distinguish  between 
electrons  from  rays  varying  100  times  in  their  wavelengths,  for  that 
is  the  difference  between  the  soft  Grenz  rays  of  2  A  and  the  hardest 
X-rays  tested  at  0.02  A.  It  may  therefore  be  regarded  as  settled 
that  there  is  no  real  difference  between  the  action  of  X-rays  and 
radium  on  individual  cells.  Credit  for  the  demonstration  of  this 
fact  must  be  given  to  the  workers  in  the  Crocker  Laboratory. 

Mr.  Frank  M.  Exner  has  recently  been  doing  graduate  work  at 
Yale  on  gamma  rays  from  radioactive  materials,  and  is  therefore 
especially  fitted  by  his  experience  for  the  handling  of  the  physical 
aspects  of  these  difficult  biological  problems.  His  latest  work  with 
Dr.  Packard  had  been  in  collaboration  with  him  in  determining  the 
survival  curves  of  Drosophila  eggs  for  soft  X-rays  covering  a 
wavelength  band  of  from  1  to  2  A.  The  wavelength  determination 
was  made  with  a  specially  accurate  spectrometer.  The  intensity  was 
measured  in  Roentgen  units  by  means  of  a  small  open  air  chamber 
and  all  necessary  corrections  were  made  for  air  path  absorption. 
During  the  spring  a  series  of  preliminary  investigations  were  made 
to  clear  up  if  possible  some  hitherto  unrecognized  factors  affecting 
the  biological  action  of  the  gamma  rays  under  given  experimental 
conditions. 

Drs.  F.  D.  Bullock,  M.  R.  Curtis,  and  W.  F.  Dunning  are  con- 
tinuing experiments  with  cysticercus  disease  of  the  rat  and  the 
frequently  associated  cysticercus  sarcoma  of  the  rat  liver,  with 
special  reference  to  the  mode  of  inheritance  of  susceptibility  both 
to  the  disease  and  the  complication.  To  date  more  than  thirty-five 
hundred  cases  of  induced  cysticercus  sarcoma  have  occurred  in 
their  stock.  In  the  same  stock  they  have  observed  almost  one 
thousand  primary  tumors  of  a  wide  variety  of  structure  and  located 
in  almost  every  organ  and  tissue  of  the  body,  which  arose  inde- 
pendent of  the  direct  action  of  the  parasite  or  of  any  experimental 
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irritation.  To  each  of  several  types  of  these  tumors  there  is  ap- 
parently an  inherited  susceptibility  and  the  mode  of  inheritance 
of  these  susceptibilities  is  under  investigation.  The  inheritance  of 
susceptibility  to  transplanted  cysticercus  sarcoma  and  the  relation 
of  this  susceptibility  to  a  susceptibility  to  other  transplanted 
tumors,  to  induced  cysticercus  tumors,  and  to  primary  spontaneous 
tumors,  is  also  being  investigated. 

Recently  interesting  observations  have  been  made  on  the  diges- 
tion of  the  shells  of  the  eggs  of  Taenia  crassicollis  in  vivo  and  in 
vitro,  and  such  encouraging  results  have  been  obtained  by  the 
employment  of  a  mixture  of  commercial  steapsin  and  desiccated 
bile  as  a  digestive  agent  or  solvent  that  it  seems  likely  that  a 
method  will  soon  be  found  to  liberate  the  oncospheres  from  their 
shells  under  sterile  conditions. 

The  study  of  the  effect  of  X-ray  radiation  on  the  parasitic 
wasp  Habrobracon  juglandis  (Ashmead)  has  been  continued  by 
Dr.  W.  F.  Dunning.  A  genetic  analysis  has  been  made  of  several 
of  the  new  hereditary  characters  induced  by  the  treatment  with 
X-rays,  and  will  soon  be  ready  for  publication.  It  is  interesting 
that  each  of  these  new  characters  represents  a  loss  of  some  ana- 
tomical structure.  Three  of  the  characters,  bar  eye,  small,  and 
extremely  small  eye  are  characterized  by  the  absence  of  some  of  the 
omatidia  which  normally  make  up  the  structure  of  the  compound 
eyes.  Eyeless  represents  the  complete  absence  of  the  compound 
eyes,  and  fused  antennae  the  loss  of  several  segments  of  the  an- 
tennae and  a  fusion  of  the  joints. 

Dr.  Jacob  Heiman  has  continued  his  studies  on  the  development 
of  sarcoma  following  repeated  transplantations  of  fibroadenoma  of 
the  rat,  and  the  segregation  of  these  into  adenomata  and  fibromata 
and  other  interesting  biological  phenomena  connected  with  this 
group  of  rat  tumors,  some  of  which  have  practical  bearing  in  clearing 
up  some  hitherto  puzzling  changes  in  human  tumors. 

Mr.  Leonard  B.  Brabec  is  working  on  a  group  of  experiments 
on  vitamin  content  of  tumor  tissue  and  the  possibility  that  the 
vitamin  content  of  other  tissues  of  the  body  may  be  influenced  by 
the  growing  tumors.  Such  experiments  are  very  time-consuming 
and  so  far  no  final  conclusions  have  been  reached. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors 
at  the  Institute  during  the  Summer  Session. 
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It  was  mentioned  last  year  in  the  report  that  the  Journal  of 
Cancer  Research  was  to  be  continued  under  a  new  title  as  the  Ameri- 
can Journal  of  Cancer.  This  has  been  accomplished  and  the  success 
of  the  new  journal  has  been  most  gratifying.  The  ample  funds 
placed  at  the  disposal  of  the  new  journal  by  the  Chemical  Founda- 
tion have  permitted  the  acceptance  of  monographic  articles  with 
many  illustrations  which  hitherto  could  not  be  published  in  any 
journal  unless  the  institution  from  which  it  appeared  provided  a 
considerable  part  of  the  expense  of  printing  and  illustrations.  Freed 
from  these  restrictions  the  American  Journal  of  Cancer  has  been 
able  to  offer  not  only  space  to  such  extensive  surveys  in  the  cancer 
field  but  also  to  print  promptly  a  large  series  of  clinical  articles. 
About  half  the  Journal  has  been  occupied  by  abstracts  of  all  the 
important  cancer  literature.  The  response  to  this  great  expansion 
of  the  Journal's  range  of  activity  has  been  remarkable  and  at 
present  the  subscription  list  amounts  to  over  two  thousand,  most 
of  which  has  been  obtained  within  six  months. 

The  Institute  continues  to  furnish  a  large  number  of  animals 
to  various  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the 
laboratory  staff  during  the  year  follows : 

"A  Statistical  Study  of  the  Occurrence  of  Spontaneous  Tumors  in  a  Large  Colony 

of  Rats,"  M.  R.  Curtis,  F.  D.  Bullock,  and  W.  F.  Dunning.    The  American 

Journal  of  Cancer,  1931,  xv  (January),  pp.  67-121. 
"The  Relation  between  Division  Rate  and  the  Radiosensitivity  of  Cells,  "  Charles 

Packard.    Journal  of  Cancer  Research,  1930,  xiv  (August),  pp.  359-69. 
"A  Nomogram  for  Calculating  X-Ray  Dosage,"  Charles  Packard.     Journal  of 

Cancer  Research,  1930,  xiv  (October),  pp.  502-8. 
"The  Biological  Effect  of  High  Voltage  X-Rays, "  Charles  Packard  (with  C.  C. 

Lauritsen).     Science,  1931,  lxxiii  (March  20),  pp.  321-2. 
"The  Suprarenal  Cortex  and  Tumor,"   William  H.  Woglom.     Journal  of  the 

American  Medical  Association,  1930,  xcv  (August),  p.  473. 
"The  Experimental  Study  of  Cancer,"   William  H.  Woglom.     The  American 

Journal  of  Cancer,  1931,  xv  (January),  pp.  12-14. 
"The  Suprarenal  and  Tumor  Growth,"  William  H.  Woglom.     The  American 

Journal  of  Cancer,  1931,  xv  (April),  pp.  704-6. 
"Experimental  Cancer  Research,"  William  H.  Woglom.     American  Journal  of 

the  Medical  Sciences,  1931,  clxxxi  (February),  pp.  157-69. 
"The  Impending  Developments  in  the  Diagnosis  and  Treatment  of  Cancer," 

Francis  Carter  Wood.     The  Ohio  State  Medical  Journal,  1930,  August. 
"The  Detection  of  Small  Quantities  of  Lead  in  the  Tissues, "  Francis  Carter  Wood. 

Journal  of  Cancer  Research,  1930,  xiv  (August),  pp.  476-85. 
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"The  Diagnosis  of  Cancer,"  Francis  Carter  Wood.  Journal  of  the  American 
Medical  Association,  1930,  xcv  (October),  pp.  1 141-44. 

"Animal  Tumors  as  Therapeutic  Reagents,"  Francis  Carter  Wood.  Annals  of 
Surgery,  1 931 ,  xciii  (January),  pp.  200-204. 

"The  Principles  of  Radiation  Treatment,"  Francis  Carter  Wood.  Annals  of 
Internal  Medicine,  1931 ,  iv  (January),  pp.  607-704. 

"Therapy  with  Long  Wavelength  X-Rays,"  Francis  Carter  Wood  (with  George 
M.  MacKee).  Journal  of  the  American  Medical  Association,  1931,  xevi  (Jan- 
uary), pp.  11115. 

"Palliative  Radiotherapy  of  Malignant  Growths,"  Francis  Carter  Wood.  Radi- 
ology, 1931,  xvi  (March),  pp.  291-301. 

"Protection  of  Patients  and  Operators  from  X-Rays,"  Francis  Carter  Wood. 
Journal  of  the  American  Medical  Association,  1931,  xevi  (May),  pp.  1750-62. 

"Short  Wavelength  Radiation — Present  Standards  for  Measuring  Quantity 
and  Quality,"  Francis  Carter  Wood.  Journal  of  the  American  Medical 
Association,  1931 ,  xevi  (May),  pp.  1753-57. 

Chapter  on  Cancer,  Francis  Carter  Wood.    Americana  Annual. 
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To  the  President  of  the  University 

Sir: 

I  have  the  honor  to  submit  the  nineteenth  annual  report  of  the 
Institute  of  Cancer  Research. 

Our  work  in  the  Institute  has  continued  along  the  general  lines 
laid  down  in  last  year's  report.  Professor  William  H.  Woglom 
has  continued  the  study  of  tumor  immunity.  Mr.  Leonard  B. 
Brabec  has  made  a  quantitative  investigation  of  the  vitamin  G 
content  of  tumors.  At  the  same  time  a  comparison  was  made  of 
the  occurrence  of  this  vitamin  in  other  tissues,  such  as  liver,  spleen 
and  kidney,  in  normally  fed  adult  rats  with  growing  tumors  and  also 
those  without  neoplasms.  The  tested  animals  were  placed  on  a 
diet  free  from  vitamin  G  and  were  fed  fresh  tissue  whose  vitamin 
content  it  was  intended  to  study.  The  results  of  the  investigation 
show  that  rat  sarcoma  39  has  a  very  low  vitamin  G  content,  only 
one-seventh  as  much  as  the  liver.  Liver  tissue  taken  from  healthy 
animals  without  tumor  seems  to  be  as  rich  in  vitamin  G  as  in 
animals  with  tumors.  The  investigation  has  distinctly  shown 
not  only  a  low  vitamin  G  content  for  tumor  tissue,  but  also  proves 
that  organs  such  as  liver,  spleen  and  kidney  are  not  influenced  in 
vitamin  G  storage  by  a  growing  tumor. 

Professor  Woglom  has  also  been  working  in  collaboration  with 
Mr.  Leonard  B.  Brabec  on  the  relation  between  acidosis  or  alkalosis 
and  tumor  growth.  The  animals  (using  R  39)  after  inoculation 
were  placed  on  diets  containing  large  quantities  of  acids  or  alkalies 
and  the  carbon  dioxide  content  of  the  blood  determined  by  the 
Van  Slyke  method  at  Saint  Luke's  Hospital  through  the  kindness 
of  Dr.  Otto  F.  Krehbiel  who  has  charge  of  the  chemistry  of  that 
institution. 

While  it  was  possible  to  alter  somewhat  the  combining  power 
of  the  blood  by  the  feeding  of  acid  or  alkaline  diets,  there  was  no 
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observed  effect  on  the  growth  rate  of  the  tumors  as  compared  with 
controls.  This  confirms  some  work  done  by  Professor  Woglom 
some  ten  years  ago  with  another  tumor  and  makes  it  difficult  to 
believe  that  the  claims  which  have  been  published,  derived  either 
from  animal  experiments  or  the  treatment  of  human  beings,  have 
any  foundation  at  all. 

Another  piece  of  work  has  been  the  investigation  of  the  published 
statement  that  a  high  liver  diet  was  stimulating  to  tumor  growth. 
Rats  inoculated  with  a  variety  of  tumors  have  been  fed  large 
quantities  of  liver  without  the  slightest  influence  being  observable 
on  the  growth  rate  of  the  tumor. 

Another  recent  statement  by  a  prominent  German  cancer 
investigator  that  the  embryos  of  animals  bearing  tumors  contain 
inoculable  cancer  cells  or  some  hypothetical  virus  has  been  tested 
with  the  result  that  the  inoculation  of  these  embryos  into  healthy 
animals  has  so  far  produced  no  tumors.  This  result  might  have 
been  expected  as  women  not  infrequently  have  active  cancer  while 
still  carrying  a  child  and  yet  children  born  under  such  adverse 
circumstances  have  never  been  known  to  develop  the  type  of 
cancer  which  the  mother  was  carrying,  as  one  would  expect  if 
the  tumor  cells  could  grow  into  the  child's  circulation  from  the 
mother. 

This  type  of  uncritical  research  is  very  discouraging.  It  takes 
men's  time  away  from  more  important  studies  and  yet  these 
alleged  discoveries  are  announced  with  such  an  air  of  certainty  and 
bear  the  names  of  such  well-known  institutions  that  they  not 
infrequently  are  carried  in  the  press  and  necessitate  thorough 
rechecking  in  order  to  influence  people  against  taking  perfectly 
useless  forms  of  treatment.  For  example,  there  has  appeared  in 
the  press  lately  the  story  of  a  patient  who  is  alleged  to  have  been 
cured  of  cancer  of  the  stomach  by  the  production  of  blood  acidosis 
by  the  prolonged  inhalation  of  a  mixture  of  oxygen  containing 
five  per  cent  carbon  dioxide.  It  happens  that  proof  is  now  available 
that  the  patient  never  had  cancer  of  the  stomach  but  another 
condition  not  related  to  cancer.  The  best  proof  is  that  she  is  now 
living  and  well,  which  she  would  not  be  if  she  had  had  cancer  of 
the  stomach.  No  doubt  many  patients  are  receiving  treatment 
on  the  basis  of  this  newspaper  story.  Certainly  many  inquiries 
concerning  the  efficacy  of  the  inhalation  of  oxygen  and  carbon 


INSTITUTE     OF     CANCER     RESEARCH  5 

dioxide  mixtures  have  been  received  at  this  laboratory,  based  upon 
this  single  human  case,  while  the  more  important  fact  that  the 
method  is  entirely  futile  with  animals  has  apparently  not  been 
noticed  even  by  the  medical  profession. 

The  investigation  of  a  report  which  recently  appeared  in  a 
prominent  German  journal  devoted  to  cancer  has  also  resulted  in 
disappointment.  An  article  in  this  journal  was  printed  stating 
that  tomato  juice  injected  into  the  abdominal  cavity  or  fed  to  rats 
gave  rise  to  a  large  number  of  malignant  growths.  Fortunately 
this  escaped  the  notice  of  the  newspapers,  otherwise  the  tomato 
business  might  have  suffered.  But  for  the  comfort  of  those  who 
enjoy  this  excellent  vegetable  it  was  shown  that  in  this  country, 
at  least,  no  danger  lies  in  the  eating  of  tomatoes,  for  Dr.  Otto  F. 
Krehbiel  repeated  the  experiment  with  great  care  on  a  large  number 
of  rats  and  no  cancer  resulted.  Of  course  the  practical  man  will 
remember  that  tomatoes  have  been  eaten  for  two  hundred  years 
and  that  sarcoma  of  the  peritoneal  cavity  of  human  beings  is 
practically  unknown.  Perhaps  the  acceptance  of  the  original 
experiments  may  have  its  origin  in  one  of  those  persistent  super- 
stitions which  still  live  in  certain  strata  of  the  population,  for 
the  tomato,  which  was  brought  from  Peru  to  England  by  some 
of  the  early  Spanish  adventurers,  is  still  regarded  by  some  people 
in  England  as  rather  under  suspicion  as  an  exotic  food,  just  as  in 
Dr.  Johnson's  day  oats  were  said  to  be  food  for  horses  in  England 
and  for  men  in  Scotland.  About  the  same  time  there  was  the 
antipathy  against  potatoes  which  men  regarded  as  good  enough 
for  the  Irish  but  of  doubtful  value  to  the  English.  And  going 
further  back  we  meet  King  James'  counterblast  against  tobacco. 

Dr.  Otto  F.  Krehbiel  also  tested  a  number  of  alleged  cancer 
remedies  and  checked  a  number  of  synthetic  lead  preparations 
in  regard  to  their  toxicity  and  effects  on  the  growth  of  tumors  at 
the  request  of  Dr.  William  H.  Kraemer  of  the  Jefferson  Hospital 
Cancer  Clinic  in  Philadelphia.  A  very  large  series  of  organic 
and  inorganic  lead  compounds  have  been  tested  for  this  clinic 
in  an  endeavor  to  find  some  suitable  types  for  use  on  patients,  the 
chemists  of  the  du  Pont  Company  having  undertaken  the  prepara- 
tion of  compounds  of  this  sort  for  investigation.  Thus  the  facilities 
of  the  Institute  are  placed  at  the  disposition  of  those  who  have 
problems  to  solve  but  have  not  the  experience  nor  the  equipment 
for  the  satisfactory  testing  of  such  compounds. 
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Dr.  Frederick  Prime  has  been  studying  the  alleged  favorable 
effect  which  certain  aniline  dyes  are  supposed  to  possess  when 
used  in  connection  with  X-ray  therapy.  So  far  he  has  obtained 
no  results  which  would  indicate  that  such  a  combination  is  of  any 
value.  The  reports  which  were  made  were  based  upon  the  study 
of  human  patients.  As  every  human  tumor  differs  from  every 
other  human  tumor,  it  is  impossible  by  the  study  of  clinical  material 
to  avoid  attributing  slight  differences  in  tumor  growth  to  the  effect 
of  the  substance  used.  The  psychology  of  the  observer  also  plays 
a  part,  as  is  well  known.  One's  own  child  is  always  the  best. 
But  in  the  Institute  of  Cancer  Research  no  one  is  permitted  to 
chart  his  own  tumors.  The  measuring  and  recording  of  the  size 
and  growth  is  done  by  a  technician  who  has  no  knowledge  of  the 
experiment.  There  are  therefore  no  psychic  errors,  and  the  worker 
has  to  accept  these  records  as  final.  When  the  case  is  presented 
before  such  an  impartial  court,  hope  of  a  successful  result  can 
play  no  part.  It  may  be  that  this  is  the  reason  why  the  Institute 
of  Cancer  Research  has  yet  been  unable  to  produce  a  cure  or  to 
confirm  the  claims  of  any  of  those  who  think  that  they  have  one. 

Dr.  Frederick  Prime  has  also  been  rechecking  the  lethal  dose 
of  radiation  for  some  of  our  tumors  on  which  this  test  was  made 
fifteen  years  ago,  and  finds  that  the  death  point  is  still  what  it  was 
when  the  original  tests  were  made,  thus  proving  that  the  trans- 
plantation of  a  tumor  from  one  animal  to  another  preserves  the 
biological  qualities  of  a  neoplasm  with  extraordinary  fidelity. 

Dr.  Frederick  Prime  has  also  been  investigating  the  possibility 
of  the  production  of  an  immunity  against  mouse  sarcoma  180, 
a  phenomenon  which  has  not  hitherto  been  observed  with  this 
neoplasm. 

Dr.  Charles  Packard,  in  collaboration  with  Mr.  Frank  M.  Exner, 
has  been  studying  the  effect  of  very  soft  X-rays  on  the  eggs  of  the 
fruit  fly  Drosophila,  with  the  result  that  when  the  doses  are  meas- 
ured in  the  international  unit  called  the  roentgen,  the  effect  of 
radiation  by  a  wave  length  of  1.5  A  is  the  same  as  that  of  a  very 
short  wave  of  0.05  A  provided  all  scatter  from  the  radiation  is  elimi- 
nated. The  greater  part  of  the  year  has  been  spent,  however,  in 
determining  with  this  biological  method  the  effectiveness  of 
X-rays  at  different  depths  below  the  surface,  using  water,  which  is 
nearly  equivalent  to  the  tissues  as  the  scattering  medium.  Although 
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this  subject  had  already  been  extensively  investigated  by  ioniza- 
tion chamber  methods,  the  results  obtained  by  different  experi- 
menters vary  and  a  careful  reexamination  of  the  whole  subject  is 
needed,  using  a  biological  instead  of  a  physical  indicator  of  the 
X-ray  energy  at  a  given  point. 

The  work  thus  far  has  been  done  with  low  voltage  rays  at  no  k.v. 
Drosophila  eggs  were  radiated  while  supported  at  varying  depths 
below  the  surface  of  a  water  phantom.  Their  death  rate  accurately 
indicates  the  intensity  of  the  beam  at  each  point.  The  general 
conclusion  reached  thus  far  is  that  when  the  portal  is  small  (50-100 
sq.  cm.)  the  intensity  at  various  depths  is  about  the  same  as  that 
determined  by  the  best  physical  methods.  But  under  a  large 
portal  of  400  sq.  cm.  the  intensity  is  greater  than  had  been  supposed. 
This  is  because  of  the  large  amount  of  scattered  radiation,  especially 
at  depths  down  to  5  cm.  It  is  planned  to  study  the  effectiveness 
of  higher  voltage  radiation  as  soon  as  possible. 

Mr.  Frank  M.  Exner  has  made  a  thorough  study  of  the  means 
of  measuring  soft  X-rays  and  discovered  a  number  of  sources  of 
error  which  have  hitherto  been  neglected.  For  example,  these 
soft  rays  are  absorbed  to  a  very  considerable  degree  by  the  argon 
which  is  present  in  the  air,  a  fact  of  which  the  international  unit 
committee  has  hitherto  not  taken  cognizance,  for  the  radiation 
which  is  ordinarily  used  in  making  diagnostic  films  or  for  treatment 
of  patients  has  a  wave  length  so  short  that  the  argon  absorption 
can  be  neglected.  Mr.  Exner  has  also  been  collaborating  with 
Dr.  Packard  on  the  determination  by  physical  means  of  depth 
doses  for  which  the  Drosophila  eggs  are  also  being  used.  The 
somewhat  higher  figures  obtained  by  the  eggs  point  to  the  presence 
in  the  medium  of  very  soft  radiations  which  are  formed  as  a  terminal 
result  of  the  Compton  scattering  which  is  very  marked  at  higher 
voltages.  This  scatter  is  from  the  atoms  of  low  atomic  weight  in 
the  tissues  and  therefore  should  have  long  wave  length.  It  would 
be  expected  that  the  ordinary  methods  for  measuring  X-rays  would 
miss  this  extremely  soft  radiation,  which  can  scarcely  penetrate 
more  than  a  few  cells,  while  the  Drosophila  eggs  would  absorb  it 
and  be  killed.  The  subject,  however,  is  very  complicated,  and 
will  bear  a  great  deal  of  investigation,  though  for  practical  purposes 
the  ordinary  physical  estimation  of  the  amount  of  X-ray  reaching 
tissues  at  a  considerable  depth  is  sufficient. 
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Drs.  Frederick  D.  Bullock,  Mayne  R.  Curtis,  and  Wilhelmina 
Dunning  are  continuing  their  experiments  with  Cysticercus  disease 
of  the  rat  and  the  associated  sarcoma  of  the  rat  liver.  They  are 
completing  a  statistical  analysis  of  the  occurrence  of  Cysticercus 
sarcoma  from  the  pedigree  records  of  their  rat  colony  which  was 
established  in  1920. 

The  foundation  stocks  of  this  colony  were  the  animals  purchased 
for  the  original  Cysticercus  experiments  from  five  independent 
breeders  each  of  whom  had  for  several  years  sold  rats  of  his  own 
stock  to  the  institution.  Later  two  other  independent  stocks 
were  added. 

All  of  the  matings  which  were  made  up  to  January,  1930,  were 
completed  in  June,  1932,  that  is,  the  few  surviving  progeny  of  the 
matings  were  killed  and  autopsied.  The  living  colony  on  which  the 
experiments  are  being  continued  arose  from  matings  made  in 
January,  1930,  and  later. 

The  statistical  data  now  being  analyzed  include  the  records 
of  13,271  animals  which  were  successfully  infested  with  Cysticercus 
fasciolaris  and  survived  for  at  least  eight  months,  which  is  approxi- 
mately the  minimum  period  of  infestation  observed  for  rats  which 
developed  Cysticercus  sarcoma  of  the  liver.  These  rats  were  from 
3,919  different  matings  and  25  per  cent  (3,285)  of  them  developed 
Cysticercus  sarcoma.  Of  the  seven  foundation  strains  five  were 
represented  by  more  than  900  tested  individuals.  In  these  strains 
the  percentage  of  Cysticercus  sarcoma  among  the  tested  rats  were 
respectively  15,  16,  22,  23,  and  56.  A  strain  which  arose  from  a 
cross  between  two  of  the  original  strains  and  has  since  been  inbred 
is  represented  by  514  tested  individuals,  61  per  cent  of  which  had 
Cysticercus  sarcoma.  Detailed  data  on  the  hosts  of  3,772  Cysticercus 
sarcoma  are  also  being  analyzed.  The  complete  reports  of  these 
analyses  are  being  prepared  for  publication  and  will  be  read  in 
abstract  at  the  December,  1932,  meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science. 

Facts  are  being  accumulated  on  the  mode  of  inheritance  of 
susceptibility  to  a  tumor  of  the  thymus  which  is  confined  to  one 
strain  and  crosses  which  involve  it,  and  to  a  sarcoma  of  the  mesen- 
teric lymph  nodes  which  occurs  with  a  comparatively  high  fre- 
quency in  one  family  of  another  line.  These  two  types  of  tumor 
have  been  successfully  transplanted  and  are  being  propagated 
for  the  purpose  of  studying  further  their  morphology  and  biology. 
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Experiments  on  inherited  susceptibility  of  the  different  inbred 
strains  and  lines  to  transplanted  Cysticercus  sarcomata  and  other 
transplanted  tumors  are  being  continued. 

Free  viable  larvae  have  been  obtained  by  digesting  in  vitro 
the  shells  of  the  eggs  of  Taenia  crassicollis  and  after  washing 
repeatedly  with  a  phosphate  buffer  solution  the  onchospheres  have 
been  injected  into  the  blood  stream  of  a  few  young  rats.  The 
larvae  were  not  sterile  and  only  one  of  the  injected  rats  survived. 
In  this  animal  several  small  encysted  larvae  were  found  in  the 
lungs.  From  this  observation  it  appears  probable  that  larvae 
injected  into  any  part  of  the  blood  stream  will  be  strained  out  in 
the  nearest  capillary  system  and  will  live  and  become  encysted 
in  any  tissue  in  which  they  are  lodged.  Previous  experiments 
have  shown  that  sarcomata  may  arise  in  Cysticercus  cysts  in  the 
liver  and  in  the  subcutaneous  tissues  of  the  groin.  The  important 
steps  now  are  to  determine  whether  or  not  cysts  in  other  tissues 
will  develop  these  tumors  and  whether  they  can  be  induced  by 
sterile  parasites. 

The  report  of  a  study  of  the  effect  of  X-ray  radiation  on  the 
occurrence  of  abnormal  individuals,  mutation  rate,  viability  and 
fertility  of  the  parasitic  wasp  Habrobracon  juglandis  (Ashmead) 
has  been  published  by  Dr.  W.  F.  Dunning.  Studies  of  the  genetic 
and  morphological  aspects  of  some  of  the  new  mutant  characters 
have  been  continued  with  the  expectation  that  they  will  yield 
some  evidence  relative  to  the  sex-determining  mechanism  of  the 
species  and  the  relationship  of  mutations  which  arise  in  response 
to  X-ray  radiation  to  those  which  occur  spontaneously. 

Mr.  William  W.  Mendelsohn  has  for  two  summers  volunteered 
as  a  research  worker  in  the  tissue  culture  laboratory  at  Saint  Luke's 
Hospital.  Studies  were  made  on  in  vitro  cultures  of  two  Cysticercus 
tumors,  IRS  146  and  IRS  1548;  many  Cysticercus  cysts,  four  to 
six  months  old,  and  many  fifteen  days  old  liver  vesicles  harboring 
the  developing  larvae.  The  cover  slip  hanging  drop  technic  was 
employed  with  heparinized  chicken  blood  plasma  as  the  nutritive 
medium. 

The  cell  growth  characteristics  of  IRS  146  and  IRS  1548  were 
found  to  be  essentially  the  same.  Each  tumor  was  characterized 
by  the  presence  of  a  cell  which  could  be  distinguished  from  any 
normal  cell  found  in  tissue  cultures.  This  cell  possessed  a  large 
coarsely  granular  nucleus  and  a  coarsely  granular  cytoplasm.     It 
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was  observed  only  in  the  cultures  of  the  tumor  tissues  and  appears 
to  be  the  malignant  cell.  The  tumor  cell  of  IRS  146  is  strikingly 
similar  to  the  tumor  cell  of  IRS  1548  and  can  rarely  be  distinguished 
from  it  in  the  living  and  the  fixed  and  stained  tissue  cultures.  In 
addition  to  these  abnormal  cells,  the  growth  in  tissue  cultures 
consisted  of  connective  tissue  cells,  endothelial  cells,  mononuclear 
blood  cells,  and  macrophages.  The  walls  of  the  Cysticercus  cysts 
were  also  grown  to  see  if  an  early  recognition  of  any  tumor  cells 
could  be  made.  The  growth  of  the  four  to  six  months  old  cyst  wall 
in  tissue  cultures  was  found  to  contain  largely  connective  tissue 
cells  and  also  mesothelial  cells,  mononuclear  blood  cells  and  macro- 
phages. Tissue  cultures  of  the  fifteen  days  old  liver  vesicles  showed 
active  migration  of  endothelial  cells,  mesothelial  cells,  mononuclear 
blood  cells,  macrophages  and  particularly  certain  large  altered 
cells.  The  identity  or  significance  of  these  large  cells  was  not 
determined.     No  tumor  cells  were  observed. 

In  the  tissue  culture  laboratory  at  Saint  Luke's  Hospital  Dr. 
Johannes  P.  M.  Vogelaar  has  continued  his  work  on  the  cultivation 
of  human  tissues  and  has  in  press  a  paper  on  certain  standard 
procedures  for  such  cultivation.  It  is  obvious  that  if  it  were  possible 
to  make  up  a  large  amount  of  a  standard  medium  and  thereupon 
different  types  of  growth  were  obtained,  some  correlation  could 
be  drawn  as  to  the  viability  of  cells  which  would  not  be  possible 
in  the  usual  growing  mixtures  which  are  made  up  in  small  quantities 
and  have  not  constant  composition.  The  use  of  such  solution  has 
indeed  revealed  that  in  the  same  human  organ  such  as  the  thyroid, 
the  connective  tissue  supporting  cells  grow  at  very  differing  rates; 
some  scarcely  at  all,  others  very  freely.  This  gives  additional 
support  to  what  has  long  been  suspected,  that  there  may  be  tissues 
in  the  body  which  are  apparently  of  the  same  nature  but  which 
may  possibly  contain  cells  with  very  different  growth  capacity. 
If  this  could  be  generally  demonstrated  we  would  have  an  explana- 
tion for  some  of  the  phenomena  observed  by  Drs.  Bullock  and 
Curtis.  They  have  succeeded  in  producing  some  seventeen  different 
varieties  of  tumors  by  the  irritation  of  the  rat's  liver  with  exactly 
the  same  chemical  substance  derived  from  the  Cysticercus  growing 
in  the  organ.  Evidently  some  of  the  cells  which  were  irritated 
by  the  chemical  products  from  the  living  worm  were  of  one  variety 
and  others  of  vastly  different  variety,  for  there  have  been  produced 
by  such  irritation  simple  small  spindle  cell  sarcomas  at  one  end  and 
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so  complex  a  tumor  as  an  osteogenic  sarcoma  at  the  other.  One 
cell  must  be  assumed  to  have  been  an  ordinary  connective  tissue 
cell  of  the  liver,  the  other  a  cell  with  high  potentialities  for  differ- 
entiating into  bone  and  cartilage,  a  type  of  extreme  differentiation 
which  has  hitherto  been  unsuspected,  at  least  for  liver  connective 
tissue.  It  is  obviously  expected  in  the  connective  tissue  of  the  bone 
where  such  tumors  are  regularly  found,  but  certainly  not  in  connec- 
tive tissue  of  the  liver.  Thus  two  such  widely  separated  methods 
of  research  as  the  cultivation  in  glass  dishes  on  beef  plasma  of  the 
connective  tissue  cells  of  the  human  being  and  the  production  in 
the  rat  of  sarcoma  by  the  irritation  of  a  Cysticercus  derived  from  the 
cat  tapeworm,  have  illuminated  each  other,  so  to  speak,  by  offering 
an  explanation  for  similar  facts  observed  in  each  investigation. 

Dr.  Cushman  D.  Haagensen  has  been  studying:  (i)  the  effects 
of  thio-acroline  on  rats  bearing  tumor  256.  The  highest  dose  of 
the  chemical  compatible  with  life  when  injected  into  the  tail  vein 
of  the  rat  was  determined.  Two  series  of  twelve  rats  each,  bearing 
rat  tumor  256,  were  then  treated  in  this  manner,  four  doses  over 
a  period  of  ten  days  being  given.  The  treatment  had  no  apparent 
effect  on  tumor  growth,  hence  it  may  be  assumed  that  the  tumor 
cells  have  reached  their  maximum  rate. 

(2)  He  has  studied  the  effect  of  the  addition  of  a  filtrate  from 
rabbit  testicle  to  tumor  pulp  which  was  being  injected  into  rats. 
Rat  tumor  8  was  used.  In  two  series  of  twelve  animals  each  there 
was  no  appreciable  effect  on  tumor  growth. 

(3)  The  experiments  of  Gardner  and  Hyde  {American  Journal 
of  Hygiene,  13 :  649,  1931),  in  which  it  was  claimed  that  heparinized 
chicken  blood  when  injected  intraperitoneally  into  mice  produced 
immunity  to  the  inoculation  of  rat  tumor  256,  were  repeated. 
Three  series  of  twelve  animals  each  were  used  but  no  immuniz- 
ing action  could  be  demonstrated. 

(4)  A  series  of  experiments  to  determine  the  effect  of  varying  the 
time  factor  on  the  curative  dose  of  roentgen  rays  for  the  Brown- 
Pearce  rabbit  tumor  were  carried  out.  The  experiment  has  not 
yet  been  completed.  At  this  time  it  is  possible  to  say  only  that 
the  tumor  is  a  comparatively  radio-resistant  one.  An  unexplained 
variability  in  the  natural  resistance  of  the  rabbits  to  this  tumor 
may  eventually  make  it  impossible  to  draw  definite  conclusions 
from  this  experiment. 

(5)  An  investigation  of  the  fact  that  a  sample  of  the  Marsh 
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strain  of  spontaneous  mammary  cancer  mice  has  failed  to  develop 
tumors,  when  propagated  in  the  Institute,  has  been  undertaken. 
New  samples  of  the  strain  have  been  obtained.  It  is  planned  to 
control  as  many  as  possible  of  the  environmental  factors  which 
differ  in  this  laboratory  from  those  in  Dr.  Marsh's  laboratory. 
It  would  be  interesting  to  discover  that  the  frequency  of  breast 
cancer  in  this  well-known  strain  depends  upon  the  social  habits 
of  the  mice  rather  than  upon  hereditary  susceptibility.  There  are 
many  statistical  hints  that  this  is  the  case  with  the  human  female. 

Dr.  Jacob  Heiman  has  been  continuing  his  experiments  with  the 
slow-growing  tumor  with  which  he  has  been  working  for  many 
years.  One  strain  of  fibroadenoma  of  the  rat  (tumor  308)  has  been 
developed  into  sarcoma  and  has  been  successfully  transplanted  with 
100  per  cent  takes  for  six  generations  as  such.  The  original  fibroad- 
enoma assumed  malignant  characteristics  in  the  twenty-ninth 
generation  of  transplant. 

The  question  of  immunity  to  benign  tumor  implants  is  now  under 
investigation. 

Mr.  Robert  V.  Ingram  has  been  engaged  in  certain  delicate 
spectrographic  analyses  of  a  variety  of  animal  tumors  and  tissues 
to  determine  the  constancy  of  occurrence  of  traces  of  certain 
unusual  elements  which  probably  play  no  important  part  in  the 
chemistry  of  the  cells  of  these  tumors  but  are  merely  accidental 
and  transitory  inhabitants.  For  example,  lead  has  been  found 
very  constantly  in  minute  traces,  derived  both  from  the  vegetables 
upon  which  the  animals  are  fed,  and  the  drinking  water,  for  the 
Croton  water  of  the  laboratory  has  been  found  to  contain  minute 
traces  of  lead.  A  strange  constituent  of  the  tumors  is  a  trace  of 
silver.  Occasionally  chromium  is  demonstrable,  though  not 
constantly.  Of  course  iron,  titanium,  manganese,  silicon,  boron, 
magnesium,  sodium,  calcium,  and  copper  are  constant  constituents 
of  the  body,  as  has  long  been  known;  but  strontium,  rubidium,  and 
lithium  are  present  with  some  regularity,  probably  derived  from 
the  vegetables  of  the  animals'  food. 

The  Director,  Professor  Francis  Carter  Wood,  has  been  active 
during  the  year  as  President  of  the  American  Association  for 
Cancer  Research,  of  the  Radiological  Society  of  North  America, 
as  a  member  of  the  Advisory  Board  of  the  International  Cancer 
Research  Foundation,  and  as  editor  of  the  American  Journal  of 
Cancer.     He  has  contributed  the  usual  articles  on  cancer  for  the 
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Americana  Annual.  He  gave  a  course  of  lectures  and  clinics  at 
the  Postgraduate  Medical  Course  of  the  University  of  Washington, 
Seattle,  Washington.  He  addressed  the  William  Harvey  Society 
of  Tufts  College  on  the  subject  of  cancer,  and  delivered  the  Car- 
penter Lecture  at  the  Academy  of  Medicine  for  the  Fifth  Annual 
Graduate  Fortnight.  He  gave  lectures  and  clinics  at  the  annual 
meeting  of  the  Kansas  City  Southwest  Clinical  Society,  in  Kansas 
City,  Missouri,  made  an  address  on  cancer  to  the  students  of  the 
Graduate  School  of  Medicine  of  Syracuse  University,  and  gave  a 
number  of  popular  addresses  elsewhere. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors 
at  the  Institute  during  the  Summer  Session,  and  also  delivered 
a  lecture  to  the  students  of  the  College  of  Physicians  and  Surgeons, 
Columbia  University. 

The  American  Journal  of  Cancer  continues  to  be  published  by 
the  Institute.  The  amount  of  material  acceptable  for  publication 
has  increased  so  greatly  that  it  has  become  necessary  to  change 
from  a  bimonthly  to  a  monthly  publication  for  1933.  The  recep- 
tion of  the  journal  by  the  scientific  world  has  been  very  favorable 
and  the  subscription  list  is  increasing  constantly. 

The  Institute  continues  to  furnish  a  large  number  of  animals 
to  various  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the 
laboratory  staff  during  the  year  follows.  It  happens  to  be  unusually 
small,  as  many  papers  will  appear  in  the  early  part  of  1933.  the  work 
on  which  was  done  in  1932.  The  great  demand  for  space  in  the 
American  Journal  of  Cancer  has  prevented  our  printing  our  own 
papers  as  promptly  as  heretofore. 
"The  Biological  Effects  of  Short  Radiation,"  Quarterly  Review  of  Biology,  6: 

253-280,  September,  1931,  by  Charles  Packard. 
"A  Study  of  the  Effect  of  X-Ray  Radiation  on  Occurrence  of  Abnormal  Indi- 
viduals, Mutation  Rate  Viability  and  Fertility  of  the  Parasitic  Wasp  Habro- 
bracon  Juglandis  (Ashmead),"  Genetics,  16:  505-531,  1931,  by  Wilhelmina  F. 
Dunning. 
"Liver  Diet  and  Tumor  Growth,"  American  Journal  of  Cancer,  16:  564-567, 

May,  1932,  by  William  H.  Woglom. 
"Cancer,"  Americana  Annual,  1932,  p.  140,  by  Francis  Carter  Wood. 
American  Journal  of  Cancer,  Francis  Carter  Wood,  editor. 

Respectfully  submitted, 

Francis  Carter  Wood, 

Director 
June  30,  1932 
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REPORT  OF  THE  DIRECTOR 

FOR  THE  ACADEMIC  YEAR  ENDING  JUNE  30,  I933 

To  the  President  of  the  University 
Sir: 

I  have  the  honor  to  submit  the  twentieth  annual  report  of  the 
Institute  of  Cancer  Research. 

This  twentieth  report  seems  the  place  to  review  in  a  very  abbre- 
viated fashion  some  of  the  work  which  this  institution  has  accom- 
plished during  a  period  of  two  decades.  Shortly  after  the  opening 
of  the  Institute  a  research  program  was  laid  down  as  a  general  plan 
and  there  has  as  yet  been  no  valid  reason  to  alter  it,  except  in  details. 

One  phase  of  the  program  was  the  study  of  the  biology  and  gen- 
etics of  the  tumors  which  arise  in  white  rats  after  the  ingestion  of 
the  ova  of  a  parasitic  worm.  Scattered  references  existed  in  the 
literature  at  that  time  of  the  discovery  of  tumors  in  the  rat's  liver, 
not  only  in  tame  albino  but  also  in  wild  rats  which  had  been  killed 
in  large  numbers  in  the  endeavor  to  suppress  the  small  epidemic  of 
plague  which  occurred  on  the  west  coast  of  this  country  and  even 
threatened  to  enter  the  port  of  New  York.  The  examination  of 
many  thousands  of  these  rats  showed  that  occasionally  a  sarcoma 
developed  around  the  parasitic  cysts.  Investigators  in  Europe  and 
elsewhere  had  also  noticed  this  phenomenon.  It  was  known  that 
the  original  host  of  the  parasite  was  the  domestic  cat,  so  that  the 
material  was  easily  obtainable.  Originally  a  small  number  of  ani- 
mals were  used  and  some  interesting  types  of  tumors  produced. 
This  work  was  first  conducted  by  Dr.  George  L.  Rohdenburg  and 
Professor  Frederick  D.  Bullock,  but  later  Dr.  Maynie  R.  Curtis  was 
added  to  the  staff,  and  recently  also  Dr.  Wilhemina  Dunning.  Dr. 
Curtis  had  had  valuable  training  in  mathematics  and  genetics 
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under  Professors  Pearl  and  Surface  at  the  University  of  Maine,  and 
Dr.  Dunning  was  a  pupil  of  Professor  T.  H.  Morgan.  Professor 
Bullock  is  an  expert  pathologist  whose  chief  interest  lies  in  the 
study  of  the  tumors  themselves.  Very  soon  it  was  determined  to 
begin  a  large-scale  experiment  on  the  question  of  the  inheritance  of 
tumor  susceptibility  using  this  parasitic  egg  as  a  reagent.  Gradually 
a  considerable  staff  has  been  accumulated  and  a  mass  of  statistics 
collected  which  were  punched  on  Hollerith  cards.  During  recent 
years  certain  papers  on  by-products  of  these  investigations,  such  as 
the  recording  of  a  large  variety  of  tumors  which  were  observed, 
have  been  printed,  while  in  the  past  year  the  primary  conclusions 
drawn  from  the  sorting  of  over  fifty-two  thousand  record  cards 
were  made  available  to  the  scientific  world.  The  results,  which  are 
discussed  in  another  part  of  this  report,  were,  in  short,  that  the 
appearance  of  tumors  in  susceptible  animals  was  conditioned  by 
two  factors:  one,  length  of  life  of  the  animal;  the  other,  the  amount 
of  irritation.  Short-lived  strains  had  few  tumors ;  long-lived  strains, 
many  tumors.  Single  liver  cysts  might  produce  tumor,  especially 
in  long-lived  strains,  while  if  twenty  or  thirty  cysts  were  present 
and  the  animal  survived  a  considerable  period,  the  appearance  of 
a  tumor  was  almost  certain.  The  remarkable  quality  of  the  research 
has  attracted  great  attention,  for  it  has  been  one  of  the  first  attacks 
in  which  quantitative  methods  were  applied  to  the  genetic  prob- 
lem of  cancer,  and  the  work  has  been  recognized  by  competent 
geneticists  as  one  of  the  most  important  contributions  in  the  field. 
The  second  program  undertaken  was  a  general  survey  of  the 
question  of  immunity  against  the  inoculation  of  cancer  which 
could  be  produced  in  animals  by  a  variety  of  methods.  This  finally 
led  Professor  William  H.  Woglom,  who  took  charge  of  this  field, 
to  the  separation  of  a  substance  or  substances  developed  by  those 
animals  which  had  cured  their  own  tumors.  These  substances  could 
so  damage  tumor  cells  that  their  growth  was  greatly  retarded  and 
sometimes  even  entirely  prevented  when  inoculated  in  untreated 
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animals.  In  other  words,  we  have  begun  to  understand  how  the 
rat  cures  a  tumor  which  has  been  grafted  into  him.  While  the  de- 
velopment of  such  immunity  is  not  observed  in  animals  afflicted 
with  spontaneous  tumors  nor  in  human  beings,  for  these  primary  - 
tumors  rarely  disappear  in  animals  or  in  human  beings,  neverthe- 
less it  is  evident  that  if  this  substance  or  substances  can  be  identified 
and  prepared  in  quantity,  it  may  be  possible  to  influence  the  spon- 
taneous variety  even  while  growing  in  the  body.  This  immune 
substance  is,  presumably,  different  from  that  produced  by  the  in- 
jection of  rat  tumor  tissue  into  a  foreign  species,  where  the  reaction 
is  probably  one  against  the  tissues  of  the  animal  more  than  against 
the  tumor  itself,  though  the  work  of  Lumsden  suggests  that  a 
true  anti-tumor  serum  is  obtainable.  The  isolation  and  the  study 
of  these  antibodies  is  so  difficult  and  time  consuming  that  it  has 
taken  some  six  years  of  continuous  work  to  gain  the  information 
mentioned,  and  it  is  obviously  premature  even  to  suggest  that  in 
any  period  in  the  near  future  an  effective  antiserum  against  cancer 
will  be  produced.  It  may  even  be  found  that  each  type  of  cancer  has 
to  have  for  its  destruction  a  special  antibody  adapted  to  the  indi- 
vidual type. 

A  third  series  of  studies  was  carried  on  by  Drs.  G.  L.  Rohdenburg 
and  Otto  F.  Krehbiel  on  the  chemical  changes  in  the  blood  which 
follow  the  inoculation  and  growth  of  transplantable  tumors  in 
mice  and  rats.  This  work  led  to  many  interesting  observations,  a 
number  of  which  have  been  studied  since  in  other  laboratories,  but 
the  work  had  to  be  abandoned  as  Dr.  Rohdenburg  turned  to  other 
fields  of  activity. 

A  fourth  line  of  research,  begun  within  a  few  months  after  the 
Laboratory  was  founded,  by  Professors  Francis  C.  Wood  and 
Frederick  Prime  was  the  attempt  to  determine  quantitatively  the 
effect  of  radiation  on  animal  tumors.  Radium  was  at  first  employed 
but  it  was  found  difficult  to  measure  with  any  accuracy  the  radia- 
tion from  the  small  quantity  of  radium  which  the  Laboratory 
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possessed,  and  the  use  of  X-ray,  which  at  that  time  could  be  meas- 
ured with  more  accuracy,  was  begun.  The  different  types  of  animal 
tumors  were  found  to  have  very  different  susceptibilities  to  radia- 
tion and  the  amounts  necessary  to  kill  all  the  cells  of  the  tumor 
were  found  to  be  extraordinarily  large.  The  results  at  first  were 
received  with  little  credence  by  members  of  the  medical  profession 
as  they  pointed  to  the  difficulty,  if  not  the  impossibility,  of  curing 
tumors  by  any  amount  which  the  patient  could  bear,  especially  if 
these  experimental  doses  were  true  of  human  tumors.  Nevertheless, 
it  is  now  generally  accepted  that  these  dosage  determinations  were 
correct.  They  have  been  confirmed  in  many  laboratories  in  this 
country  and  Europe,  and  recent  studies  of  human  tumors  have 
shown  that  they  require  comparable  doses  for  the  destruction  of  all 
the  malignant  cells.  It  was  found  that  the  destruction  had  a  very 
simple  character.  That  is,  that  the  quantity  of  radiation  given  mul- 
tiplied by  the  time  was  a  constant.  In  other  words,  the  cells  could 
be  killed  by  large  doses  over  a  short  time  or  small  doses  for  a  long 
time,  but  it  was  early  shown  that  there  was  a  threshold  of  dosage 
below  which  no  destruction  occurred,  for  the  tumor  cells  could 
regenerate  as  rapidly  as  they  were  damaged.  Certain  curves  were 
obtained  showing  this  rate  of  destruction,  which  were  similar  for 
all  the  tumors  used. 

The  experiments  were,  however,  time  consuming  and  expensive 
and  Professor  Charles  Packard,  a  graduate  of  the  Zoological  De- 
partment of  Columbia  University,  was  added  to  the  staff  in  order 
to  find  some  other  method  of  obtaining  more  accurate  curves,  and 
an  easier  and  simpler  way  of  studying  the  effects  of  radiation.  After 
a  preliminary  period  of  experiments  on  different  materials,  that 
selected  was  the  egg  of  the  fruit  fly,  Drosophila,  an  insect  which  in 
the  studies  of  Professor  T.  H.  Morgan  has  added  so  much  to  our 
knowledge  of  genetics.  It  was  found  that  the  Drosophila  eggs  were 
very  sensitive  to  radiation.  In  a  short  time  it  was  shown,  as  had 
already  been  proved  on  tumor  cells,  that  the  wave  length  of  the 
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X-ray,  which  is  conditioned  by  the  voltage  of  the  tube,  was  an 
unessential  factor,  for  equal  amounts  of  carefully  measured  X-rays 
with  greatly  varying  wave  lengths  were  found  to  kill  the  eggs  in 
exactly  the  same  time.  The  physical  side  of  this  work  was  carried 
on  by  Dr.  H.  M.  Terrill,  using  a  very  elaborate  apparatus  con- 
structed to  give  continuous  X-ray  beams,  the  intensity  of  which 
could  be  measured  with  the  greatest  accuracy.  The  extension  of  the 
physical  side  of  this  work  in  various  directions  has  now  been  under- 
taken, since  the  retirement  of  Dr.  Terrill,  by  Mr.  Frank  M.  Exner, 
working  in  collaboration  with  Professor  Packard.  They  have  ex- 
tended the  range  of  X-rays  down  to  the  softest  radiation  which  can 
be  produced  in  air  and  find  that  the  same  laws  still  hold.  A  great 
variety  of  apparatus  has  been  devised  for  the  measuring  of  various 
factors  of  the  radiation  and  it  is  hoped  to  extend  the  work  shortly 
with  much  higher  voltages  with  a  new  X-ray  apparatus  which  is 
being  constructed  under  the  auspices  of  Mr.  Exner. 

In  the  meantime,  thanks  to  the  kindness  of  Professor  R.  A.  Milli- 
kan  of  the  Pasadena  Institute  of  Technology,  the  tumor  cells  and 
the  flies'  tggs  were  exposed  by  Professor  Packard  to  radiations  pro- 
duced in  a  huge  X-ray  tube  at  some  550,000  volts.  The  measure- 
ments of  the  X-ray  by  physical  means  and  the  killing  of  the  tumor 
cells  and  the  eggs  were  found  to  coincide  with  the  computed  values 
within  a  small  percentage.  Measurements  were  also  made  of  ra- 
dium and  the  killing  curves  were  found  to  be  the  same  as  those 
produced  by  X-ray.  It  is  still  impossible  to  estimate  radium  in  the 
same  units  as  are  used  for  X-ray,  but  it  seems  a  justifiable  assump- 
tion that,  inasmuch  as  X-rays  of  550,000  volts  cover  a  considerable 
range  of  the  radiation  from  radium,  the  flies'  eggs  measure  radium, 
whose  rays  correspond  to  about  a  million  volts,  with  the  same  accu- 
racy as  they  measure  X-ray.  Since  the  number  of  observations  has 
become  very  great  so  that  statistical  errors  have  been  eliminated, 
it  has  been  found  possible  with  the  eggs  to  test  the  output  of  an 
X-ray  tube  with  practically  the  same  accuracy  as  by  the  most 


COLUMBIA    UNIVERSITY 


elaborate  and  expensive  physical  apparatus.  These  results  are  now 
accepted  by  most  of  the  scientific  workers  in  this  country  and 
abroad,  and  form  a  valuable  contribution  to  our  knowledge  of  the 
physical  action  of  radiation  of  short  wave  lengths. 

From  time  to  time  various  problems  connected  with  the  growth 
of  tumors  have  been  studied  by  the  permanent  or  transient  mem- 
bers of  the  staff,  the  mere  enumeration  of  which  would  be  impos- 
sible here,  but  the  main  lines  of  investigation  as  laid  down  in  1913 
when  the  Laboratory  was  opened  are  being  continued  and  offer 
fruitful  fields  for  further  work. 

It  has  been  said  by  some  in  high  places  that  the  laboratory 
investigation  of  cancer  has  produced  nothing  of  importance  as 
compared  to  the  clinical  study.  But  the  research  student  is  not  par- 
ticularly interested  in  producing  extremely  practical  results;  that 
development  is  left  for  the  practitioner  of  medicine  or  surgery,  and 
he  is  apt  to  remember  Michael  Faraday  who,  when  someone  chal- 
lenged the  practical  value  of  some  of  his  investigations,  retorted 
with  the  question,  "What  is  the  practical  value  of  a  baby  ?"  Never- 
theless it  seems  to  the  writer  that  while  all  scientific  work  on  cancer 
rests  upon  the  shoulders  of  those  who  have  preceded  us,  the  past 
year  has  seen  the  publication  of  four  important  investigations,  more 
important  for  the  future  study  of  that  most  difficult  problem  in 
medicine — cancer — than  anything  which  has  been  discovered  con- 
cerning the  disease  since  man  began  to  observe  it.  While  from  the 
practical  side  the  development  of  aseptic  surgery  and  of  radiation 
has  enormously  advanced  the  treatment  of  cancer,  there  is  con- 
siderable evidence  that  the  limitations  of  these  methods  are  being 
approximated  and  that  any  astounding  improvement  is  unlikely. 
Despite  education  of  the  laity  and  increased  efficiency  of  the  pro- 
fession, the  total  number  of  patients  cured  at  the  present  time  by  the 
methods  mentioned  is  small,  and  nothing  else  is  of  value.  Any- 
thing, therefore,  which  reveals  the  hidden  secrets  of  the  cancer  cell 
is  important  as  opening  the  door  for  the  future  discovery  of  a 
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means  of  controlling  cancer  far  more  subtle  than  the  removal  of  the 
tumor  by  surgery  or  its  destruction  by  radiation.  I  believe  that  this 
year  these  studies  have  reached  the  stage  when  it  can  be  said  that 
they  cast  important  light  on  the  future  possibility  of  controlling 
cancer.  One  of  these  is  the  work  of  Professor  William  H.  Woglom, 
of  which  I  have  spoken.  The  second  is  a  recent  study  by  Dr. 
James  B.  Murphy,  of  the  Rockefeller  Institute,  on  the  effect  of  cer- 
tain tissue  extracts  on  tumors.  The  third  is  the  work  of  Drs.  Curtis, 
Dunning,  and  Bullock  which  points  to  the  means  of  avoiding 
cancer.  The  fourth  is  that  astounding  discovery  by  a  group  of 
workers  under  Professor  E.  L.  Kennaway,  of  the  Cancer  Institute 
in  London,  of  two  synthetic  substances  which  have  an  extraordi- 
nary capacity  of  rapidly  producing  cancer  in  those  animals  into 
which  they  have  been  injected.  Not  only  does  this  discovery  place 
in  our  hands  a  means  of  studying  the  earliest  stages  of  cancer, 
which  is  rarely  possible  either  in  human  beings  or  animals;  of 
seeing,  so  to  speak,  the  cells  take  on  their  malignant  qualities;  of 
producing  tumors  in  animals  hitherto  not  available  for  laboratory 
study  because  spontaneous  tumors  do  not  occur  in  them  with  any 
frequency;  but  of  offering  far-reaching  effects  from  the  point  of 
view  of  protective  sanitation  and  suggesting  a  host  of  problems 
which  it  may  take  another  generation  to  answer.  That  the  Institute 
of  Cancer  Research  of  Columbia  University  should  have  made  its 
contribution,  however  small,  to  this  great,  as  yet  unsolved,  problem 
in  medicine  must  be  a  satisfaction  to  those  who  have  assisted  in  the 
work  of  the  Institute,  who  have  contributed  to  its  funds,  and 
who  have  watched  its  growth  within  the  body  of  the  University. 

Professor  William  H.  Woglom  is  continuing  his  investigations 
of  the  past  few  years  on  the  immunity  observed  against  some  trans- 
plantable tumors  in  rats.  He  has  completed  the  first  phase  in  the 
investigation  which  has  been  mentioned  in  the  preceding  reports, 
and  an  account  of  this  work  has  been  published  in  the  American 
Journal  of  Cancer,  17:873,  1933.  By  using  dead  tumor  cells  as  an 
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absorber,  an  agent  has  been  separated  from  the  tissues  of  immune 
animals  which,  when  placed  in  contact  with  fresh  tumor  grafts 
in  healthy  animals,  prevents  the  taking  of  the  tumor.  Attempts  to 
obtain  the  agent  in  watery  solution  are  now  in  progress. 

Professor  Bullock,  and  Drs.  Curtis  and  Dunning  have  continued 
their  work  with  Cysticercus  disease  of  the  rat's  liver  and  the  malig- 
nant condition  which  it  incites,  Cysticercus  sarcoma.  They  have 
published  a  report  of  the  statistical  analysis  of  the  occurrence  of 
Cysticercus  sarcoma  among  52,223  pedigreed  rats.  This  analysis 
shows  that  the  hereditary  factors  which  underlie  strain  and  family 
differences  in  respect  to  the  occurrence  of  this  malignant  tumor 
are  those  which  govern,  first,  susceptibility  to  Cysticercus  disease, 
and,  second,  longevity.  That  chance  is  an  important  factor  in  the 
appearance  of  these  tumors  is  shown  by  the  facts  that  the  larger 
the  number  of  cysts,  that  is,  the  greater  the  surface  of  the  tissue 
exposed  to  the  irritant  and  the  longer  the  exposure  of  a  given  rat  to 
risk,  the  greater  is  the  probability  that  the  animal  will  develop  the 
tumor.  Susceptibility  to  Cysticercus  disease  appears  to  be  deter- 
mined by  one  or  more  recessive  factors.  Experiments  to  determine 
the  number  of  these  genes  and  the  physiological  nature  of  their 
expression  are  in  progress.  The  analysis  showed  further  that  re- 
sistance to  the  diseases  which  tend  to  shorten  the  average  life  span 
of  our  laboratory  rats  is  established  by  dominant  genetic  factors. 
Resistance  to  different  diseases  is  determined  independently.  A 
larger  number  of  rats  from  strains  with  a  long  average  expectation 
of  life  have  been  crossed  with  those  from  shorter  lived  strains  in 
order  to  extend  by  a  study  of  the  life  spans  of  the  hybrids  our 
knowledge  of  the  inheritance  of  the  factors  which  result  in 
longevity. 

Experiments  on  the  digestion  in  vitro  of  the  shells  of  the  eggs  of 
Taenia  crassicollis  are  progressing.  They  reveal  the  probable  ex- 
planation of  the  fact  that  Taenia  crassicollis  is  a  two-host  parasite 
although  some  other  species  of  this  genus  complete  their  entire  life 
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cycle  in  a  single  host.  Cats  infested  with  the  adult  stage  of  Taenia 
crassicollis  never  develop  the  larval  stage  of  the  parasite  although 
large  numbers  of  Taenia  eggs  are  found  free  in  their  intestine.  The 
shells  of  these  eggs  are  not  attacked  by  the  digestive  juices  of  the  cat 
although  they  are  readily  digested  by  the  digestive  juices  of  the  rat. 
However,  the  digestive  juice  of  the  cat  can  be  made  to  digest  the 
shells  of  these  eggs  by  the  simple  expedient  of  changing  the  re- 
action after  removal  of  the  juice  from  the  intestine.  This  procedure 
is  equally  effective  whether  the  digestive  juice  is  obtained  from 
the  same  cat  as  the  eggs  or  from  another  cat  either  infested  or  un- 
infested  with  the  Taenia.  These  results  indicate  that  the  enzyme 
which  causes  the  digestion  of  the  shells  is  present  in  the  digestive 
juices  of  the  cat's  intestine  and  that  the  failure  to  exert  its  solvent 
action  on  the  shells  in  the  live  animal  is  due  to  the  unfavorable 
hydrogen  ion  concentration  of  the  contents  of  the  small  gut  in  the 
living  animal.  It  is  thus  possible  that  the  susceptibility  or  resistance 
of  animals  to  infestation  by  the  larvae  of  this  Taenia  may  bear  a 
close  relationship  to  the  hydrogen  ion  concentration  of  the  animal's 
intestinal  juices  and  body  fluids.  A  paper  on  some  phases  of  this 
question  has  just  been  completed  and  will  be  published  shortly 
in  the  American  Journal  of  Cancer. 

Studies  on  the  growth  of  the  cells  of  the  Cysticercus  tumors  are 
being  continued  under  the  direction  of  Dr.  Johannes  P.  M.  Voge- 
laar  in  the  tissue  culture  laboratory  at  St.  Luke's  Hospital  and 
under  Dr.  Warren  H.  Lewis  of  the  Carnegie  Institute  of  Washing- 
ton at  Baltimore.  A  paper  on  the  subject  by  Dr.  William  Mendel- 
sohn is  to  be  printed  shortly  in  the  American  Journal  of  Cancer. 

Professor  Charles  Packard  has  continued  the  work  of  last  year 
on  depth  doses  of  Rontgen  rays.  He  has  tested  the  distribution  of 
intensity  of  75  kilovolt  X-rays  in  a  water  phantom,  using  the  eggs 
of  the  Drosophila  as  an  ionization  chamber.  The  fly  eggs  have  cer- 
tain advantages  over  commercial  dosimeters  in  these  experiments. 
The  difficulty  experienced  with  dosimeters  lies  in  the  fact  that  the 
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thimble  chamber  must  necessarily  be  fairly  large  and  must  there- 
fore register  the  average  intensity  in  the  layer  of  water  in  which  it 
is  placed.  But  the  intensity  changes  rapidly  in  the  first  few  centi- 
meters of  depth  and  the  rate  of  change  cannot  therefore  be  deter- 
mined accurately.  The  Drosophila  eggs,  which  are  irradiated,  lie  in 
a  plane  less  that  i  mm.  in  thickness  and  therefore  can  detect  these 
changes.  The  results  thus  far  show  that  the  intensities  at  the  surface 
and  i  cm.  below  the  surface  are  considerably  greater  than  those 
reported  by  other  observers  using  commercial  types  of  dosimeters. 

Some  time  has  been  spent  in  calibrating  the  X-ray  machines  at 
St.  Luke's  Hospital  by  the  Drosophila  eggs.  The  advantage  of  such 
calibration  lies  in  the  fact  that  the  reaction  of  the  flies  to  radiations 
does  not  change  from  year  to  year,  whereas  the  commercial  dosi- 
meters may  vary  considerably  over  short  periods.  It  is  interesting 
to  learn  that  recent  work  with  Drosophila  in  Germany  shows  that 
the  eggs  obtained  from  German  flies  have  the  same  sensitivity  as 
those  used  in  this  country. 

Professor  Packard  is  now  serving  as  associate  editor  of  a  compre- 
hensive review,  sponsored  by  the  National  Research  Council,  in 
which  the  biological  effects  of  radiations  of  all  kinds  are  discussed. 

Mr.  Frank  M.  Exner  has  completed  his  work  on  the  measure- 
ment of  low-voltage  X-rays,  having  measured  intensity  in  interna- 
tional rontgens  with  12  kilovolt  X-rays  with  better  than  1  per  cent 
accuracy,  and  having  shown  that  the  same  method  is  applicable 
down  to  about  half  this  voltage.  To  find  the  average  intensity 
effective  on  the  dividing  nuclei  of  Drosophila  eggs,  whose  sensi- 
tivity to  this  radiation  was  to  be  tested,  a  correction  was  made  to 
allow  for  the  weakening  of  the  rays  in  traversing  an  egg.  The 
neglect  of  this  effect  has  been  one  of  the  reasons  for  the  conclusion 
published  by  certain  workers  that  low-voltage  radiation  is  less 
effective  biologically  than  the  higher  voltages.  The  wave-length 
composition  of  the  radiation  used  in  this  work  was  determined 
with  the  help  of  an  ionization  spectrometer,  and  found  to  differ 
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considerably  from  the  spectral  curves  which  have  previously  been 
assumed  to  apply  to  low-voltage  X-ray  apparatus  of  the  type  used 
in  this  experiment  and  in  therapy  in  spite  of  the  fact  that  these 
curves  were  obtained  from  a  different  type  of  apparatus. 

Mr.  Exner  spent  eight  months  of  this  year  in  the  Physics  Depart- 
ment at  Berkeley,  California,  assisting  in  the  development  of  a  new 
method  for  the  production  of  high-voltage  X-rays,  devised  by  Mr. 
D.  H.  Sloan  at  the  University  of  California.  The  apparatus  may 
briefly  be  described  as  a  50-meter  wave  length  water-cooled  Tesla 
coil  mounted  in  an  evacuated  metal  chamber  and  driven  by  a  high- 
power  vacuum  tube  oscillator.  The  coil  is  supported  only  at  its 
grounded  end  and  is  entirely  free  from  insulation,  the  X-ray  anode 
being  attached  directly  to  the  free  end  of  the  coil.  This  apparatus 
is  very  compact  and  is  not  subject  to  the  destructive  effects  of  un- 
controlled discharges  which  are  troublesome  with  glass  X-ray  tubes 
operated  at  high  voltages.  It  has  been  found  to  be  steady  and  de- 
pendable in  operation. 

Mr.  Exner  has  returned  to  New  York  and  is  preparing  to  build 
for  the  Institute  laboratory  a  similar  apparatus  capable  of  generat- 
ing about  750  kilovolts  with  several  milliamperes  emission. 
Although  such  high-voltage  radiation  is  being  advocated  for  use 
in  cancer  therapy,  it  has  not  been  possible  to  determine  satisfac- 
torily the  distribution  of  such  radiation  in  water  under  conditions 
simulating  the  irradiation  of  a  deep-seated  tumor.  The  objections 
to  the  use  of  small  ionization  chambers  for  this  purpose  are  even 
more  serious  than  in  the  case  of  the  lower  voltages  now  in  general 
use.  Professor  Packard's  method  for  the  direct  determination  of  the 
biologically  effective  intensity,  using  fruit  fly  eggs,  is  to  be  used 
with  the  new  high-voltage  generator  to  make  a  thorough  study  of 
the  intensity  distribution  in  water  at  different  voltages. 

Dr.  Cushman  D.  Haagensen  has  been  studying  (1)  the  lethal 
dose  of  Rontgen  rays  for  the  cells  of  the  Brown-Pearce  rabbit  car- 
cinoma outside  the  animal.  Under  conditions  in  which  secondary 
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radiation  was  avoided  as  much  as  possible,  the  lethal  dose  was 
found  to  be  approximately  3,750  rontgen  units. 

(2)  He  has  continued  his  investigation  of  the  relationship  of  en- 
vironmental conditions  to  the  frequency  of  spontaneous  mammary 
carcinoma  in  the  Marsh  strain  of  mice.  Although  this  strain  had 
previously  failed  to  develop  tumors  when  propagated  in  this  Insti- 
tute, Dr.  Haagensen  finds  that  in  his  new  samples  of  the  strain  a 
considerable  percentage  of  the  animals  develop  mammary  carci- 
noma. Since  about  six  hundred  of  the  eight  hundred  animals  in  his 
present  experiment  are  still  alive,  final  conclusions  cannot  as  yet 
be  made. 

(3)  The  experiment  of  Professor  A.  Lacassagne  {Compt.  rend, 
acad.  d.  sc,  195:630,  1932),  in  which  it  was  claimed  that  injections 
of  the  ovarian  hormone,  folliculin,  greatly  increased  the  tendency 
to  develop  mammary  carcinoma  manifested  in  certain  strains  of 
mice,  has  been  repeated.  Lacassagne  gave  weekly  injections  to  a 
group  of  five  mice  over  a  period  of  five  months.  Four  of  the  ani- 
mals, three  of  which  were  males,  developed  mammary  carcinoma 
at  an  exceptionally  early  age.  Dr.  Haagensen  has  given  three  in- 
jections a  week  to  a  group  of  thirty  animals  over  a  period  of 
seven  months,  without  having  had  any  of  them  develop  mammary 
carcinoma. 

(4)  The  experiments  of  Zondek,  in  which  it  was  claimed  that 
injections  of  Prolan  A  and  B  retarded  the  growth  of  transplantable 
mouse  carcinoma,  are  being  repeated.  As  it  is  difficult  to  obtain  a 
suitable  commercial  product  of  the  necessarily  high  concentration, 
only  a  small  series  of  animals  have  been  injected  without  any  con- 
clusive effect  of  the  hormone  being  observed. 

(5)  Dr.  Haagensen  has  taken  advantage  of  the  laboratory  facil- 
ities of  St.  Luke's  Hospital  to  study  the  bases  for  the  histologic 
grading  of  carcinoma  of  the  breast  in  a  series  of  164  cases  of  mam- 
mary carcinoma  operated  upon  by  Dr.  Frank  S.  Mathews.  The  re- 
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suits  of  the  study  were  read  before  the  American  Association  for 
Cancer  Research,  May  8,  1933,  at  Washington,  D.  C,  and  appear 
in  the  American  Journal  of  Cancer,  19:285,  1933. 

Professor  Frederick  Prime  has  continued  his  studies  on  the  effect 
on  tumors  of  certain  aniline  dyes  in  combination  with  X-ray 
therapy.  His  results  confirmed  the  experiments  carried  on  last  year 
in  connection  with  animal  tumors,  and  proved  that  X-ray  therapy 
alone,  when  properly  applied,  was  just  as  effective  as  when  dyes 
were  used. 

Professor  Prime  has  continued  his  work  on  the  question  of  im- 
munity in  mouse  sarcoma  180,  and  has  been  extending  it  to  various 
other  tumors  in  the  laboratory.  With  Mr.  Brabec,  Professor  Prime 
has  started  a  series  of  experiments  in  immunity  on  several  rat 
tumors  in  connection  with  various  diets  and  the  age  of  the  animals 
employed. 

Dr.  Otto  F.  Krehbiel  has  tested  seven  lead  preparations  from  the 
du  Pont  Laboratory  on  transplantable  rat  tumors  for  Dr.  Wil- 
liam H.  Kraemer,  director  of  the  Elizabeth  Storck  Kraemer  Me- 
morial Fund,  Jefferson  Hospital,  Philadelphia.  These  solutions 
contained  metallic  lead  alone,  metallic  lead  with  manganese,  com- 
mercial lead  phosphate  and  manganese,  radioactive  lead  phosphate 
and  manganese,  and  a  combination  of  chlorophyll  and  lead.  Besides 
these,  Dr.  Kraemer  submitted  a  manganese  phosphate  colloid  and 
four  batches  of  serum,  obtained  from  a  horse  at  certain  intervals 
after  it  had  been  given  one  dose  of  lead  intravenously.  None  of  the 
lead  preparations  differed  appreciably  in  their  effect  on  rat  tumors 
39  and  256  from  those  of  similar  character  previously  submitted, 
and  again  none  of  them  caused  as  marked  a  hemorrhagic  change 
in  a  tumor  twenty-four  hours  after  the  intravenous  injection  as  did 
the  original  Bell  lead  suspension.  Neither  the  manganese  phos- 
phate alone  nor  the  horse  sera  produced  any  change  at  all  in  rat 
tumors.  The  only  point  of  interest  in  connection  with  the  horse 
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serum  was  that  large  amounts,  as  much  as  4  c.c.  per  100  gms. 
of  rat  weight,  could  be  given  intravenously  without  affecting  the 
rat  any  more  than  if  physiological  salt  solution  had  been  used. 

For  Dr.  Francis  T.  Jantzen  of  Boston,  Massachusetts,  three  lead 
phosphate  preparations  made  from  commercial  lead,  from  Belgian 
radioactive  lead,  and  from  McCoy  radioactive  lead,  were  tried 
out  on  a  fairly  large  scale  on  rats  with  rat  tumors  39  and  FRC.  The 
solutions  revealed  no  effects  different  from  those  of  ordinary  lead. 

Tablets,  containing  pineal  gland  extract  prepared  by  Parke 
Davis  &  Co.  were  emulsified  in  water  and  fed  to  mice  bearing 
tumor  180,  every  day  for  fifteen  days.  A  soluble  pineal  gland 
extract,  also  from  Parke  Davis,  was  injected  subcutaneously  in  mice 
with  tumor  180,  daily  for  a  period  of  two  weeks.  Neither  procedure 
influenced  the  growth  of  the  tumors  in  any  way. 

A  colloidal  arsenic  solution  was  used  intravenously  on  rats  bear- 
ing tumor  256.  All  the  tumors  grew  at  the  usual  rate  and  after  five 
injections  the  appearance  of  the  cut  surface  of  the  tumors  was  the 
same  as  that  of  the  controls. 

In  order  to  determine  whether  blocking  of  the  reticulo- 
endothelial system  would  render  rats  resistant  to  the  toxic  action 
of  lead,  groups  of  rats  were  injected  intravenously  with  a  carbon 
ink  in  amounts,  which  had  been  found  by  means  of  sections  to 
produce  extensive  deposits  of  the  pigment  in  the  liver.  Sublethal 
doses  of  lead  were  then  administered  to  these  rats  and  to  a  control 
group.  No  appreciable  difference  was  observed  in  regard  to  the 
anemia,  diarrhea,  loss  of  weight,  etc.,  which  occurred  in  both 
groups  of  animals.  The  same  result  was  noted  when  colloidal 
iron  oxide  was  used  as  the  blocking  agent. 

The  Bellows  tomato  juice  experiment  (see  the  American  Jour- 
nal of  Cancer  16:1525,  1932)  was  repeated  on  six  rats.  The  proced- 
ure differed  from  that  employed  last  year  when  one  hundred  rats 
were  injected,  only  in  so  far  that  the  juice  was  filtered  through 
filter  paper  instead  of  through  cotton.  The  animals  were  killed 
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eighteen  to  twenty-one  days  after  the  last  injection.  Numerous 
small  nodules  were  found  in  the  peritoneal  cavities  of  all  the 
rats,  which,  on  microscopic  examination,  proved  to  be  granu- 
lomata,  and  not  malignant  tumors. 

Organic  iodine  compounds,  designated  BH  108  and  BH  109, 
were  administered  intravenously  to  mice  with  180  and  to  rats  with 
256  without  influencing  the  growth  rate  of  either  tumor.  Experi- 
ments were  also  done  with  these  preparations  to  ascertain  whether 
they  would  render  tumor  180  more  susceptible  to  X-ray  if  injected 
after  the  iodine  had  been  freed.  Five  thousand  rontgen  units  were 
required  to  free  the  iodine  from  BH  109.  The  largest  dose  of 
BH  109  (with  its  iodine  freed)  that  a  mouse  would  bear,  was 
given  intravenously  to  mice  carrying  tumor  180  in  one  hind  leg. 
The  leg  was  tied  off  a  few  minutes  after  the  injection  and  the 
tumor  exposed  to  a  definite  dose  of  X-ray.  Five  tumors  received 
respectively,  2,000,  3,000,  3,500,  and  4,000,  rontgen  units.  Each 
tumor  was  then  excised  and  inoculated  into  twelve  mice.  As  sev- 
eral of  the  grafts  taken  from  the  tumors  exposed  to  2,000  and  2,500 
units,  grew,  the  conclusion  that  BH  109  does  not  increase  the 
susceptibility  of  180  to  X-ray  was  drawn,  for  3,000  r  units  will  kill 
all  the  cells  of  tumor  180. 

At  the  suggestion  of  Dr.  Jacob  Heiman,  theelin  alone,  antuitrin 
alone,  and  a  combination  of  both  hormones  were  injected  subcu- 
taneously  into  old  female  rats  over  a  long  period  of  time  in  order 
to  see  what  changes  were  produced  in  certain  organs  and  also 
whether  tumors  would  develop.  When  the  microscopic  study  of 
the  breasts,  ovaries,  and  pituitary  glands  of  these  animals  is  com- 
pleted, the  details  will  be  published. 

Most  of  the  routine  transplantations  and  the  technically  very 
difficult  intravenous  injections  required  for  the  experiments  men- 
tioned above  were  carried  out  by  Dr.  Herma  Plantenga,  who  is 
now  associated  in  the  work  of  the  Institute. 

Dr.  Heiman  has  conducted  further  studies  of  the  slow-growing 
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transplanted  benign  cystadenoma  of  the  rat's  breast.  Fourteen  gen- 
erations have  so  far  been  grown  in  nine  years. 

Experiments  dealing  with  the  influence  of  pituitary  and  ovarian 
hormones  on  the  growth  of  this  tumor  and  of  ovarian  hormones  on 
the  growth  of  this  tumor  and  on  control  animals  are  being  con- 
tinued, but  enough  information  has  not  been  collected  to  draw  any 
conclusions. 

The  morphological  studies  of  pituitary  and  ovarian  glands  in 
animals  immune  to  benign  tumors,  and  in  control  animals,  and 
in  tumor-bearing  animals  are  under  way.  Comparative  studies  of 
the  same  glands  in  animals  with  spontaneous  benign  tumors  and 
transplanted  benign  tumors  are  also  being  made. 

Mr.  R.  V.  Ingram  is  continuing  his  work  on  the  identification 
of  the  inorganic  constituents  of  the  tumors  of  experimental  ani- 
mals. A  study  was  also  started  on  the  diet  of  the  experimental 
animals  from  the  point  of  view  of  metallic  content.  Every  article 
of  diet  was  ashed  in  triplicate  and  spectrograms  taken  of  the  ash. 
A  study  of  the  metals  in  specimens  of  human  organs  and  tumors 
from  St.  Luke's  Hospital  has  been  started.  The  work  so  far  has  not 
disclosed  the  presence  of  hitherto  unknown  metallic  substances  in 
malignant  tissues  although  a  great  variety  of  elements  which  have 
no  known  physiological  function  are  found  with  fair  regularity. 

During  the  past  year,  with  the  assistance  of  Dr.  Otto  F.  Krehbiel, 
Mr.  Leonard  B.  Brabec  has  continued  the  investigation  to  deter- 
mine the  effect  of  acid  or  alkaline  diets  on  tumor  growth. 

Every  effort  has  been  made  to  produce  an  acidosis  or  an  alkalosis 
by  the  feeding  of  various  acid  or  alkaline  diets.  The  animals  have, 
so  far  as  possible,  been  raised  in  this  laboratory  on  a  known  nutri- 
tional diet,  have  been  placed  on  carefully  prepared  acid  or  alkaline 
diets,  and  the  controls  kept  on  normal  diets.  The  carbon  dioxide 
combining  power  of  the  blood  has  been  determined  by  the  Van 
Slyke  method  at  St.  Luke's  Hospital  through  the  courtesy  of  Dr. 
Krehbiel.  The  results,  as  indicated  by  the  carbon  dioxide  combin- 
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ing  power  of  the  blood,  do  not  show  enough  difference  between 
the  experimental  and  control  animals  to  justify  this  method  of 
feeding  as  an  accurate  way  of  producing  a  true  acidosis  or  alkalosis 
over  the  period  necessary  for  the  growth  of  a  tumor.  In  a  severe 
acidosis  or  alkalosis  the  animals  would  not  live  throughout  the  ex- 
perimental period.  In  animals,  by  feeding  acid  or  alkaline  diets, 
the  carbon  dioxide  combining  power  of  the  blood  indicates  that 
they  adjust  themselves  to  these  various  diets,  without  marked 
effects  being  produced  on  the  carbon  dioxide  combining  power  of 
the  blood.  Therefore  the  problem  resolves  itself  into  merely  a  deter- 
mination of  the  effect  of  acid  or  alkaline  diets  on  tumor  growth. 

Up  to  the  present  time  over  two  hundred  albino  rats  of  different 
strains,  thirty  mice,  and  twenty  rabbits,  have  been  used  for  this 
work.  The  growth  of  the  tumors  has  been  charted,  and  in  most 
cases,  the  weights  of  the  tumors  recorded. 

The  average  values  found  for  the  carbon  dioxide  combining 
power  of  the  blood  remain  about  the  same  as  reported  last  year. 
Out  of  the  twenty  rabbits,  of  which  ten  were  fed  an  acid  diet,  six 
had  large  tumors,  two  small  tumors,  and  two  were  negative.  Out 
of  ten  controls,  two  had  large  tumors,  four  small  tumors  with  some 
receding,  and  four  were  negative. 

It  will  be  necessary  to  carry  on  this  work  into  1933-34,  as  more 
observations  are  necessary  for  statistical  treatment.  However,  it 
may  be  said  that  up  to  the  present  time  the  results  quite  definitely 
show  that  the  feeding  of  an  acid  or  alkaline  diet  is  without  effect 
on  tumor  growth. 

The  quantitative  investigation,  the  purpose  of  which  was  to  de- 
termine the  vitamin  G  content  of  tumor  tissue,  the  beginning  of 
which  was  reported  last  year,  has  now  been  completed.  The  vitamin 
G  content  of  tumor  tissue  has  also  been  compared  with  the  vitamin 
G  content  of  liver  tissue,  from  normally  nourished  rats  with  grow- 
ing tumors,  and  from  those  without  tumors.  Over  one  hundred 
albino  rats,  bred  and  raised  in  this  laboratory,  with  a  known  nutri- 
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tional  history  have  been  used  for  this  work.  The  experimental  pro- 
cedure was  furnished  in  last  year's  report.  The  results  as  shown  at 
that  time  are  still  the  same,  that  tumor  tissue  (rat  sarcoma  39)  is 
low  in  vitamin  G  content,  and  that  it  requires  about  seven  times 
as  much  tumor  tissue  as  it  does  liver  tissue  to  produce  the  same 
growth.  Liver  tissue  taken  from  healthy  animals  without  growing 
tumors  apparently  seems  to  be  as  rich  in  vitamin  G  as  liver  tissue 
from  animals  with  growing  tumors.  The  results  of  this  investiga- 
tion are  in  the  process  of  being  compiled  for  publication. 

During  the  past  year  Mr.  Brabec  has  been  engaged  in  compiling 
a  general  survey  of  the  literature  which  deals  with  the  subject 
of  vitamins  and  their  relation  to  cancer.  This  is  to  be  a  more  or 
less  critical  review  and  will  presumably  be  published  as  a  part  of 
the  above  mentioned  quantitative  investigation  on  vitamin  G.  The 
history  and  recent  advances  in  our  knowledge  of  vitamin  B  have 
also  been  outlined  with  special  emphasis  upon  the  separation  of 
vitamin  B  into  its  other  now  known  factors.  This  has  been  done 
with  the  idea  of  clarifying  the  subject  for  further  work  on  cancer 
and  vitamins.  For  example,  with  the  separation  of  vitamin  B  into 
fractions,  now  definitely  known  as  well-defined  vitamins,  much  of 
the  former  work  which  was  done  in  connection  with  cancer  must 
be  revised. 

In  conjunction  with  Professor  Prime,  an  investigation  has  been 
started  to  determine  the  relationship  of  age,  strain,  and  diet  to  the 
growth  of  the  various  tumors. 

In  the  past  year  most  of  the  tissue  culture  work  in  charge  of  Dr. 
Johannes  P.  M.  Vogelaar  has  been  done  at  St.  Luke's  Hospital,  the 
managers  of  that  institution  having  generously  placed  at  the  dis- 
posal of  the  Director,  Professor  Francis  C.  Wood,  a  suite  of  rooms 
for  this  purpose.  A  grant  in  aid  of  the  work  by  the  trustees  of  the 
Anna  Fuller  Fund  has  been  of  the  greatest  assistance  in  partially 
supporting  this  investigation.  Most  of  the  work  has  been  done  on 
human  connective  tissues,  using  various  modifications  of  a  synthetic 
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nutritive  solution  described  in  an  article  recently  published  in  the 
American  Journal  of  Cancer,  18:28, 1933. 

As  very  little  is  known  about  the  physiological  significance  of 
such  elements  as  copper,  zinc,  and  manganese,  traces  of  which 
occur  in  the  blood  and  normal  and  pathological  tissues,  experi- 
ments were  carried  out  in  order  to  learn  more  about  their  action 
on  tissues  growing  in  artificial  media.  Especial  attention  has 
been  given  to  copper,  an  element  which  is  of  great  significance  in 
the  treatment  of  various  types  of  secondary  anemia.  It  has  been 
found  that  the  addition  of  traces  of  copper  chloride  to  the  culture 
medium  gives  an  excellent  growth  of  fibroblasts,  but  too  great  a 
concentration  is  toxic.  The  details  of  this  work  will  be  published 
shortly  in  the  American  Journal  of  Cancer. 

The  answer  to  the  question  whether  copper  is  absolutely  neces- 
sary for  life,  growth,  and  differentiation  of  tissues  can  be  given  only 
if  a  variety  of  tissues  can  be  grown  in  a  medium  entirely  free  from 
copper.  The  control  cultures  used  in  the  experiments  with  copper 
chloride  certainly  had  a  minute  trace  of  copper  at  their  disposal 
entirely  apart  from  any  copper  that  may  have  been  present  in  the 
tissue  itself.  A  copper-free  medium  can  be  obtained  only  when  the 
plasma  is  freed  from  copper,  which  is  practically  impossible,  or 
when  it  is  replaced  by  some  other  medium  not  containing  copper. 
The  only  medium  that  can  be  used  would  be  a  fibrinogen  solution. 
While  cells  will  grow  for  a  short  time  in  a  copper-free  saline,  their 
energy  is  soon  exhausted.  An  extensive  series  of  experiments  has 
therefore  been  done  lately  in  the  laboratory  with  the  purpose  of  pre- 
paring fibrinogen  solutions  that  can  be  kept  in  a  stable  condition. 

Since  it  is  important  to  have  available  a  permanent  strain  of 
human  fibroblasts,  a  thorough  investigation  has  been  made  as  to 
whether  the  growth  of  human  fibroblasts  could  be  increased  by  the 
addition  of  embryo  extract  to  the  plasma.  Extracts  from  chick 
and  mouse  embryos  have  been  prepared  in  various  ways  and  used 
in  differing  concentrations.  The  results  have  been  entirely  nega- 
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tive.  No  increase  in  growth  could  be  obtained  with  such  extracts. 
The  synthetic  nutritive  solution  referred  to  above  gives  the  same, 
if  not  better,  results. 

It  has  been  said  that  antuitrin  stimulates  the  growth  of  chick 
fibroblasts.  The  same  preparation  of  antuitrin  in  the  identical  con- 
centrations has  been  used  by  us  on  human  fibroblasts,  but  with 
entirely  negative  results.  There  was  no  increase  in  growth  in  the 
media  containing  antuitrin.  The  outcome  of  these  experiments 
shows  once  more  that  the  behavior  of  chick  fibroblast  cultures  is 
entirely  different  from  those  of  human  fibroblasts.  From  a  medical 
standpoint  it  is  absolutely  necessary  that  experiments  should  be 
performed  with  human  tissues  if  they  are  to  give  any  valuable 
contribution  to  medical  science  in  general. 

Recently  an  extensive  study  of  the  growth  of  Cysticercus  sarcoma 
4337  of  the  Crocker  Institute  has  been  begun.  This  tumor  can  be 
grown  very  easily  in  plasma  and  provides  an  excellent  material  for 
the  study  of  the  significance  of  various  biochemical  factors  for 
the  growth  of  tumor  tissue.  The  growth  in  media  containing  vari- 
ous amounts  of  S0rensen's  phosphate  buffers  is  being  studied. 
When  the  best  conditions  have  been  found  the  medium  will  be  im- 
proved by  the  addition  of  carbohydrates  and  protein  digestion 
products.  The  ultimate  purpose  of  this  part  of  the  work  is  to  get  a 
permanent  culture  of  tumor  cells  which  will  be  valuable  for  fur- 
ther study. 

Dr.  Karl  Hoffmann,  working  at  St.  Luke's  Hospital,  has  made  a 
great  number  of  determinations  of  total  and  amino  nitrogen  of 
various  culture  media  obtained  by  partial  digestion  of  fibrin  with 
pepsin.  Solutions  entirely  comparable  to  those  used  by  Carrel  on 
chick  fibroblasts  have  been  obtained  and  will  be  checked  on  human 
tissues.  It  is  very  probable  that  the  feeding  solution  generally  used 
for  growing  fibroblasts  can  be  improved  by  replacing  part  of  it 
by  one  of  the  fibrin  digestion  products. 

Mrs.  Carl  Reich,  also  working  in  the  Hospital,  is  studying  the 
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behavior  of  human  leucocytes  in  culture.  Very  little  is  known 
about  the  factors  responsible  for  the  transformation  of  mononu- 
clear leucocytes  into  fibroblast-like  cells.  It  is  a  peculiar  fact  that 
this  transformation  may  occur  in  blood  from  some  patients  where- 
as in  other  cases  no  such  transformation  takes  place.  Since  we  are 
in  the  fortunate  position  of  having  at  our  disposal  blood  from 
patients  with  a  variety  of  diseases,  an  extensive  study  on  the  be- 
havior of  human  leucocytes  in  vitro  can  be  made.  It  is  hoped  that 
such  a  study  may  yield  results  of  clinical  importance. 

The  Director,  Professor  Francis  C.  Wood,  in  addition  to  his 
routine  duties  as  administrator  of  the  Institute  and  the  tissue  culture 
laboratory  at  St.  Luke's  Hospital,  continues  to  act  as  a  member  of 
the  advisory  board  of  the  International  Cancer  Research  Founda- 
tion, and  the  editor  of  the  American  Journal  of  Cancer,  contribut- 
ing to  the  latter  many  editorials  and  book  reviews.  He  has 
furnished  the  usual  article  on  cancer  for  the  Americana  Annual  and 
has  given  occasional  lectures  on  some  research  phase  of  cancer  be- 
fore medical  bodies.  Professor  Wood  also  has  under  way  a  revision 
of  Delafield  and  Prudden's  Text-Boo\  of  Pathology,  sixteenth 
edition. 

The  American  Journal  of  Cancer  continues  to  grow  in  the  num- 
ber of  papers  and  abstracts  published  while  the  material  offered  for 
publication  has  greatly  increased  both  in  amount  and  quality.  It 
could  not,  however,  exist  without  the  generous  support  of  the 
Chemical  Foundation,  which  meets  its  deficit.  As  an  educational 
experiment  the  Foundation  has  had  a  series  of  films  made  by  Mr. 
Francis  Carter  Wood,  Jr.,  which  are  being  distributed  to  various 
medical  bodies  on  request.  One  of  these  films  shows  various  phases 
of  the  research  work  going  on  in  the  Institute ;  others  show  clinical 
or  scientific  studies.  It  is  estimated  that  some  fifteen  thousand  phy- 
sicians have  seen  these  films  in  the  past  year,  and  the  demand  for 
them  continues  to  be  active. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors 
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at  the  Institute  during  the  Summer  Session,  and  also  read  a  paper 
on  immunity  to  transplantable  tumors  before  the  Philadelphia 
County  Medical  Society. 

The  Institute  continues  to  furnish  a  large  number  of  tumor- 
bearing  animals  to  various  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the 
Laboratory  staff  during  the  year  follows : 

"Genetic  Factors  in  Relation  to  the  Etiology  of  Malignant  Tumors,"  by 

M.  R.  Curtis,  W.  F.  Dunning,  and  F.  D.  Bullock.  American  Journal  of 

Cancer,  1933,  17:894-923  (April). 
"Is  Malignancy  Due  to  a  Process  Analogous  to  Somatic  Mutation?"  by  M.  R. 

Curtis,  W.  F.  Dunning,  and  F.  D.  Bullock.  Science,  1933,  77:175. 
"Intensity  and  Wavelength  Measurements  with  12  Kv.  X-Rays,"  by  Frank 

M.  Exner.  American  Journal  of  Cancer,  1932,  16:1275  (November). 
"An  Exhibit  of  Important  Books,  Papers,  and  Memorabilia  Illustrating  the 

Evolution  of  the  Knowledge  of  Cancer,"  by  Cushman  D.  Haagensen. 

American  Journal  of  Cancer,  1933,  18:42-126  (May). 
"The  Biological  Effectiveness  of  High- Voltage  and  Low-Voltage  X-Rays," 

by    Charles    Packard.    American    Journal    of    Cancer,    1932,    16:1257 

(November). 
"A  Feeding  Solution  for  Cultures  of  Human  Fibroblasts,"  by  Johannes  P.  M. 

Vogelaar  and  Eleanor  Erlichman.  American  Journal  of  Cancer,  1933, 

18:28-38  (May). 
"Absorption  of  the  Protective  Agent  from  Rats  Resistant  to  a  Transplantable 

Sarcoma,"  by  William  H.  Woglom.  American  Journal  of  Cancer,  1933, 

17:873  (April). 
"Fundamental  Research  in  Cancer,"  Carpenter  Lecture  by  Francis  C.  Wood. 

Bulletin,  New  York  Academy  of  Medicine,  1932,  8:653-667  (second  series 

No.  11). 
"Indications  and  Contraindications  of  X-Ray  Radiation,"  by  Francis  C. 

Wood.  Archives  of  Physical  Therapy,  1933,  14:329. 

Respectfully  submitted, 

Francis  Carter  Wood, 
Director 
June  30, 1933 
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ENDOWED    BY    GEORGE    CROCKER 

REPORT  OF  THE  DIRECTOR 

FOR  THE  ACADEMIC  YEAR  ENDING  JUNE  30,  I934 

To  the  President  of  the  University 

Sir: 

I  have  the  honor  to  submit  the  twenty-first  annual  report  of  the 
Institute  of  Cancer  Research. 

The  year  has  been  a  quiet  one  in  cancer  research  with  only  one 
important  discovery.  This  was  the  publication  in  April,  1934,  of 
the  confirmation  of  a  prophecy  made  by  Dr.  J.  W.  Cook  late  in 
1933  and  reported  in  the  "Proceedings  of  the  Royal  Society  of 
London,"  Series  B,  Volume  113,  page  277.  In  discussing  there  the 
possible  biological  relationships  of  cholesterol,  a  substance  widely 
distributed  in  the  body,  Dr.  Cook  points  out  that  by  oxidation  of 
this  substance  one  of  the  bile  acids  occurring  normally  in  the 
body  may  be  obtained;  that  this  bile  acid  may  then  be  converted 
into  a  hydrocarbon  of  the  benzanthracene  group  by  reactions  of 
a  simple  type  which  might  readily  occur  in  the  body.  The  struc- 
ture of  the  compound  so  produced  should  render  it  peculiarly 
favorable  to  the  exhibition  of  carcinogenic  factors.  It  is  further 
within  the  bounds  of  possibilities,  he  says,  that  the  reactions  neces- 
sary for  the  production  of  such  a  compound  may  be  facilitated  by 
such  agencies  as  ultra-violet  light,  radium,  and  X-rays.  During 
the  winter  of  1933  this  substance,  known  as  methylcholanthrene, 
was  prepared,  purified,  and  painted  on  mice,  with  the  production 
of  a  large  number  of  cancers  of  the  skin.  This  is  one  of  the  most 
remarkable  examples  of  prophesying  from  the  structural  formula 
the  physiological  properties  of  an  organic  substance  and  is  an 
outstanding  achievement  in  biological  chemistry.  In  addition  to 
the  discovery  of  this  compound  we  have  a  group  of  substances  all 
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worked  out  by  Dr.  Cook  at  the  London  Cancer  Hospital  which 
may  produce  cancer  in  animals.  One  of  these  substances,  dibenz- 
pyrene,  is  probably  that  which  renders  coal  tar  carcinogenic.  The 
others  have  not  yet  been  identified  in  nature  but  their  remarkable 
effectiveness  in  producing  cancer  in  animals  has  altered  the  atti- 
tude of  students  of  the  subject.  Hitherto  it  has  been  usual  to  speak 
of  production  of  cancer  by  irritation;  now  the  question  is  asked 
whether  cancer  which  is  seen  as  the  result  of  irritation  may  not 
be  caused  by  the  action  of  these  or  as  yet  undiscovered  hydro- 
carbons of  the  group  mentioned,  produced  in  the  tissues  by 
abnormal  metabolism  or  fermentative  processes  correlated  either 
with  tissue  decomposition  or  bacterial  proteolysis.  The  availabil- 
ity of  these  highly  active  products,  which  produce  cancer  in 
animals  very  much  more  rapidly  than  any  agency  hitherto 
known,  should  solve  this  question  within  a  very  short  time.  In 
fact  the  discovery  furnishes  the  investigator  of  cancer  with  an 
enormously  powerful  tool  to  attack  many  of  the  problems  which 
have  hitherto  baffled  him.  It  is  interesting  also  that  these  com- 
pounds are  all  closely  related  in  their  structural  arrangement  to 
the  sex  hormones  so  that  a  slight  change  may  transform  a  carci- 
nogenic hydrocarbon  into  an  oestrus-producing  substance,  for  it 
suggests  that  abnormality  in  hormone  secretion  may  lie  behind 
the  appearance  of  certain  types  of  cancer  in  the  human  body. 

Another  interesting  event  is  the  organization  of  an  interna- 
tional league  against  cancer  with  headquarters  in  Paris  and  an 
international  membership  of  some  fifty  institutions,  research 
organizations,  or  clinical  groups.  The  function  of  the  league  is  to 
aid,  direct,  and  correlate  the  various  agencies  which  have  a  part 
in  all  international  organizations,  to  collaborate  with  the  local 
committees  of  the  cities  in  which  international  cancer  congresses 
are  to  be  held  on  programs,  arrangements,  and  other  factors  with- 
out which  no  meeting  can  be  a  success,  and  thus  unite  all  the  vari- 
ous interests,  scientific,  statistical,  educational,  and  therapeutic, 
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engaged  upon  the  cancer  problem.  The  United  States  has 
responded  well  to  the  opportunity  offered,  some  eleven  organiza- 
tions having  already  joined  the  International  League.  The  formal 
organization  is  complete  and  the  executive  committee  has  held  a 
number  of  meetings  during  the  year.  The  Director  of  the  Insti- 
tute attended  two  of  these  meetings  as  delegate  from  the  United 
States  for  the  American  Society  for  the  Control  of  Cancer,  the 
American  Association  for  Cancer  Research,  and  the  Institute  of 
Cancer  Research. 

Professor  William  H.  Woglom  has  begun  an  attempt  to  separate 
out  the  inhibiting  substance  described  in  last  year's  report.  Though 
there  have  been  occasional  indications  of  partial  success,  the 
retarding  action  is  not  yet  reproducible  at  will,  and  it  is  evident 
that  there  are  many  technical  difficulties  to  be  overcome.  At  pres- 
ent it  is  possible  only  to  expresss  the  hope  that  these  may  not 
prove  insurmountable. 

In  the  meantime  an  experiment  with  "heavy  water"  has  been 
completed  and  published.  This  substance,  although  it  may  have 
some  deleterious  effect  upon  lower  forms  of  life,  exerts  no  appre- 
ciable action  of  any  sort  upon  the  cancer  cell  growing  in  an  ani- 
mal. From  this  observation  it  may  be  assumed  with  perfect  safety 
that  heavy  water  will  not  influence  human  cancer. 

Professor  Woglom  has  also  published  recently  the  details  of  an 
attempt  to  control  the  growth  of  transplanted  tumors  by  raising 
the  temperature  of  their  bearers  several  degrees  and  maintaining 
it  there  continuously  for  as  long  as  four  days  in  some  cases.  The 
reason  for  the  experiment  was  the  observation  that  malignant 
tumors  in  man  have  been  said  to  recede  occasionally  following  an 
acute  febrile  attack.  No  effect  was  produced,  however,  upon  any 
of  the  rat  and  mouse  tumors  employed. 

Professor  Frederick  D.  Bullock  and  Drs.  Maynie  R.  Curtis  and 
Wilhelmina  F.  Dunning  have  continued  their  search  for  the  fac- 
tors which  influence  the  occurrence  of  malignant  tumors  in  the 
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walls  of  Cysticercus  cysts  in  the  rat's  liver.  An  analysis  of  the  data 
obtained  from  3,781  bearers  of  Cysticercus  tumors  revealed  the 
facts  that:  the  number  of  Cysticercus  tumors  per  host  was  related 
directly  to  the  number  of  parasitic  cysts  in  the  host's  liver,  i.e.,  an 
increase  in  the  number  of  cysts  per  host  was  accompanied  by  an 
increase  in  the  number  of  multiple  primary  Cysticercus  tumors; 
that  both  the  Cysticercus  cysts  and  the  Cysticercus  tumors  were 
distributed  to  the  several  lobes  of  the  liver  in  a  proportion  approx- 
imately equal  to  the  relative  weight  of  the  lobes,  showing  a 
chance  distribution  of  both  the  cysts  and  the  tumors  to  the  several 
lobes  of  the  liver;  and  that  the  larvae  from  malignant  cysts  were 
not  significantly  longer  than  those  from  benign  cysts  of  the  same 
age,  indicating  that  the  size  of  the  inclosed  larva  was  not  a  factor 
in  determining  which  cysts  became  malignant. 

An  analysis  of  the  histological  classification  of  4,321  Cysticercus 
tumors  revealed  the  fact  that  the  cellular  morphology  of  the 
types  of  Cysticercus  tumors  observed  corresponded  with  various 
types  of  cells  found  in  the  cyst  wall  in  those  cysts  in  which  a 
tumor  was  not  present,  and  that  each  type  of  tumor  was  repre- 
sented by  a  number  consistent  with  the  expectation  that  the 
change  of  a  normal  to  a  tumor  cell  results  from  the  chance  action 
of  an  irritant  in  a  process  analogous  to  somatic  mutation.  In  other 
words,  the  most  prevalent  type  of  tumor  was  composed  of  the 
kind  of  cell  which  was  most  frequent  in  the  cyst  wall  and  nearest 
the  lumen,  hence  most  exposed  to  the  chemical  secretion,  which 
probably  initiated  the  tumor  process. 

A  study  of  the  circumstances  which  influence  the  probability  to 
malignancy  of  an  individual  cyst  was  made  by  a  search  for  factors 
which  might  have  influenced  the  occurrence  of  malignancy 
among  132,323  cysts  in  13,221  rats  which  survived  eight  months, 
the  minimum  period  of  infestation  observed  before  the  occur- 
rence of  the  malignant  complication.  This  analysis  showed  that 
the  percentage  of   Cysticercus  cysts  which   became   malignant 
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increased  directly  with  the  age  of  the  inclosed  parasite,  that  the 
percentage  of  cysts  which  became  malignant  did  not  differ  signi- 
ficantly in  male  and  female  hosts,  and  that  the  proportion  of 
tumor  cysts  among  cysts  of  the  same  age  showed  more  consist- 
ently significant  differences  when  the  population  was  divided 
according  to  the  number  of  Cysticercus  cysts  per  host  than  when 
it  was  separated  according  to  the  strain  of  the  hosts  or  the  Cysti- 
cercus tumor  history  of  the  parent  of  the  host.  There  was  an 
inverse  relationship  between  the  number  of  cysts  per  host  and  the 
proportion  which  became  malignant.  That  is,  although  an  increase 
in  the  number  of  cysts  per  host  increased  the  probability  that  the 
host  would  develop  the  tumor,  the  probability  that  an  individual 
cyst  would  become  malignant  was  decreased  as  the  number  of 
cysts  per  host  was  increased.  This  analysis  revealed  the  fact  that 
the  number  of  parasitic  cysts  in  the  host  and  the  age  of  the 
inclosed  parasite  were  the  factors  which  influenced  directly  the 
proportion  of  cysts  which  became  malignant. 

A  study  is  also  being  made  of  the  growth  of  several  Cysticercus 
tumors  from  subcutaneous  inoculation  of  explants  from  the  tumor 
to  find  out  what  part  the  host  plays  in  determining  the  rate  of 
growth  of  the  tumor. 

With  the  aid  of  Dr.  Lemuel  W.  Famulener,  bacteriologist  of 
St.  Luke's  Hospital,  Professor  Bullock  and  Drs.  Curtis  and  Dun- 
ning have  planned  and  have  under  way  experiments  designed  to 
test  the  possible  role  of  bacteria  in  the  occurrence  of  Cysticercus 
tumors  of  the  rat's  liver  and  to  determine  whether  or  not  tumors 
may  develop  in  other  parts  of  the  host's  body  from  the  injection 
of  sterile  viable  larvae  into  the  blood  stream. 

With  the  cooperation  of  Dr.  Johannes  P.  M.  Vogelaar  a  cyto- 
logical  study  of  several  Cysticercus  tumors  is  being  made  from 
cultures  of  these  tumors  in  vitro,  to  determine  whether  or  not  any 
quantitative  nuclear  or  chromosomal  change  accompanies  the 
transition  of  a  tumor  cell  from  a  normal  one. 
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With  the  collaboration  of  Dr.  Otto  F.  Krehbiel,  Drs.  Curtis  and 
Dunning  and  Professor  Bullock  are  attempting  to  repeat  many 
phases  of  the  Cysticercus  experiment,  employing  as  a  carcino- 
genic agent  one  of  the  hydrocarbons  recently  synthesized  by 
Dr.  J.  W.  Cook  of  the  London  Cancer  Hospital.  This  will  afford  an 
opportunity  to  test  the  validity  of  a  number  of  hypotheses  which 
have  resulted  from  the  Cysticercus  experiment  and  carry  the 
investigation  of  the  etiology  of  malignant  tumors  a  step  further. 

As  was  mentioned  in  last  year's  report,  one  of  the  chief  prob- 
lems which  has  interested  several  members  of  the  staff  since  the 
opening  of  the  Institute  has  been  a  quantitative  study  of  the  effect 
of  radium  and  X-ray  on  animal  tumors.  This  was  begun  by  Pro- 
fessors Wood  and  Prime  in  1913  with  radium  and  later  was 
carried  on  with  X-rays.  It  was  found  impossible  then  as  now  to 
make  accurate  measurements  of  the  output  of  the  radiation  from 
radium.  X-ray,  on  the  other  hand,  was  even  at  that  time  readily 
measured  with  considerable  accuracy.  In  order  to  obtain  a  constant 
output  of  X-ray  which  could  be  accurately  controlled  and  measured 
there  was  built  in  the  Institute  from  funds  supplied  by  the  Bondy 
Fund  one  of  the  first  X-ray  machines  to  give  a  perfectly  regular 
flow  of  high-voltage  electricity  and  hence  a  perfectly  steady  output 
of  X-ray  from  the  tube,  all  factors  of  which,  especially  the  voltage, 
could  be  measured  with  great  accuracy.  The  two  electrical  engi- 
neers interested  in  the  construction  and  application  of  this  plant 
were  Dr.  Roy  Kegerreis  and  Dr.  Harold  M.  Terrill  and  many  of 
the  engineering  and  physical  questions  which  were  raised  in  the 
construction  of  this  apparatus  have  been  discussed  in  a  volume  on 
X-Ray  Technology  by  Terrill  and  Ulrey,  while  some  of  their  ideas 
have  been  adopted  for  use  in  commercial  construction.  With  this 
apparatus  it  was  possible,  as  has  just  been  said,  to  obtain  an  accu- 
rately measured,  constant  beam  of  X-rays  of  different  wave  lengths. 
When  tumor  cells  or  Drosophila  eggs  were  exposed  by  the  use  of 
appropriate  filters  to  such  radiation  it  was  found,  as  pointed  out  in 
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last  year's  report,  that  no  matter  what  the  voltage,  so  long  as  the 
quantity  of  the  X-ray  was  the  same,  the  cells  died  in  approximately 
the  same  proportion,  as  shown  by  the  fact  that  the  tumor  when 
reinoculated  into  animals  would  not  grow  and  the  Drosophila  eggs 
would  not  continue  their  development.  This  work  was  repeated 
with  a  great  variety  of  voltages  and  nitrations  and  no  exceptions 
were  found. 

Through  the  kindness  of  Professor  Robert  A.  Millikan  and 
Professor  Charles  C.  Lauritsen,  of  the  California  Institute  of  Tech- 
nology of  Pasadena,  Professor  Charles  Packard  was  able  to  test 
tumors  and  Drosophila  eggs  under  X-rays  produced  at  voltages 
of  about  550,000  in  the  great  high-tension  plant  in  Pasadena.  Even 
with  the  very  short  waves  produced  at  these  high  electrical  pres- 
sures the  same  law  was  found  to  apply. 

There  still  remains  uninvestigated  the  voltage  region  between 
550,000  and  1,000,000.  As  much  of  the  radium  gamma  ray  radia- 
tion is  equivalent  to  X-rays  at  about  1,000,000  volts  and  as  we 
know  the  effect  of  radium  on  Drosophila  eggs  and  on  tumor  tis- 
sue both  from  animals  and  man,  it  is  unnecessary  to  go  higher 
than  this  with  X-ray,  but  it  is  important  to  explore  the  intermedi- 
ate region  mentioned  to  see  whether  the  effects  on  eggs  and 
tumor  tissue  differ  from  those  which  have  been  observed  at  lower 
voltages.  Theoretically,  the  chief  advantage  of  the  higher  voltage 
is  the  possibility  of  obtaining  a  greater  depth  dose,  as  it  is  called. 
For  instance,  at  200,000  volts  at  a  depth  in  the  tissues  four  inches 
below  the  surface,  the  amount  of  X-ray  delivered  is  only  about 
one-third  of  that  which  strikes  the  skin.  By  raising  the  voltage 
and  increasing  the  distance  from  the  tube  to  the  patient  it  is  pos- 
sible, theoretically,  to  put  in  a  dose,  at  a  depth  of  four  inches,  of 
50  or  75  per  cent  of  that  which  falls  upon  the  skin.  Inasmuch  as 
the  skin  must  not  be  irreparably  damaged  in  X-ray  treatment  it 
furnishes  the  limits  of  the  amount  of  X-ray  which  can  be  admin-, 
istered  in  a  given  treatment.  There  therefore  may  be  some  prac- 
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tical  advantages  in  going  to  the  higher  voltages  if  the  same 
amount  of  X-ray  can  be  administered  with  less  damage  to  the 
skin.  That  there  will  be  any  greater  destructive  effect  on  the  cells 
of  the  tumor  provided  the  same  amount  of  X-ray  is  administered 
is  very  doubtful  because,  as  has  been  said,  all  of  the  results  of  the 
lower  voltage  tests  have  shown  that  the  destructive  effect  on  cells 
is  independent  of  the  voltage  and  there  is  little  reason  to  think 
that  this  law  will  change  at  the  higher  pressure.  It  is  also  impor- 
tant to  find  out  what  may  be  called  the  most  commercially  effi- 
cient voltage.  The  higher  the  voltage  the  more  expensive  the 
apparatus;  the  larger  the  space  required  for  the  tubes  and  con- 
ductors, the  more  lead  it  is  necessary  to  use  to  protect  a  patient 
from  stray  X-rays;  the  more  current  required  to  excite  the  trans- 
formers, the  more  expensive  and  short-lived  are  the  X-ray  tubes. 
A  point  is  rapidly  reached  where  the  patient  cannot  pay  for  the 
cost  of  the  treatment.  Hence  either  such  treatment  cannot  be 
given  or  such  apparatus  must  be  confined  to  endowed  institutions 
whose  funds  can  absorb  the  overhead  which  the  patient  cannot 
pay.  On  the  other  hand,  it  may  be  found  that  at  lower  and  less 
expensive  voltages,  say  300,000  or  400,000  volts,  the  results  are 
just  as  good  scientifically  and  clinically  as  those  at  800,000  or 
1,000,000  X-ray  volts  or  with  radium.  If  so,  electrical  engineers 
can  devote  their  energies  to  designing  the  simplest  possible  type 
of  apparatus  running  at  a  fixed  voltage  and  giving  a  definite  yield 
of  radiation  for  the  sole  purpose  of  treating  cancer  and  hence  gain 
the  benefit  of  quantity  output  and  a  consequently  lowered  pro- 
duction cost. 

Problems  of  this  nature  have  been  under  discussion  by  the  staff 
of  the  Institute  of  Cancer  Research  for  several  years  past  and  in 
the  spring  of  1932  it  was  decided  to  install  apparatus  which  would 
make  it  possible  to  extend  to  higher  voltages  the  experiments 
which  were  in  progress  with  ordinary  electrical  pressures.  How- 
ever, the  largest  equipment  commercially  available  at  that  time 
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had  a  maximum  capacity  of  only  about  300,000  volts.  Apparatus 
for  about  twice  this  potential  had  been  built  experimentally  but 
was  extremely  bulky  and  cumbersome,  requiring  a  very  large 
building  for  housing  so  as  to  maintain  sparking  clearance  between 
the  walls  and  the  high-voltage  connections  from  the  transformer 
to  the  X-ray  tube.  Furthermore,  at  these  voltages  serious  insula- 
tion difficulties  were  met,  especially  the  tendency  of  the  glass 
X-ray  tube  to  be  punctured  by  uncontrolled  discharges  inside  the 
tube,  so  that  the  apparatus  had  a  very  high  repair  overhead. 

About  this  time  it  was  learned  that  an  entirely  new  method  of 
generating  high-voltage  X-ray  had  been  invented  at  the  University 
of  California  by  Mr.  David  H.  Sloan,  a  graduate  student  working  in 
the  high-voltage  laboratory  of  Professor  E.  O.  Lawrence.  In  this 
apparatus  many  of  the  difficulties  inherent  in  the  conventional  type 
of  X-ray  apparatus  just  mentioned  are  entirely  eliminated.  The  high 
voltage  is  produced  on  an  anticathode  directly  attached  to  the  end 
of  a  water-cooled  resonance  transformer  hung  in  a  steel  vacuum 
tube.  Thus  all  of  the  high-voltage  circuit  is  inside  the  tube  and  the 
latter  is  grounded  so  that  there  is  no  high  voltage  exposed  outside 
the  X-ray  tube,  and  since  the  tube  is  made  entirely  of  metal  the 
uncontrolled  discharges  which  are  so  destructive  in  glass  or  porce- 
lain tubes  can  be  turned  to  advantage  in  improving  the  vacuum  by 
driving  off  adsorbed  gases  from  the  walls  of  the  tube.  These  gases 
are  then  carried  off  by  the  vacuum  pumps,  while  the  discharges 
which  reach  the  tube  wall  act  in  cleaning  up  the  spots  on  the  metal 
surfaces  from  which  these  low-pressure  arcs  and  other  types  of  dis- 
charge originate,  so  that  the  voltage  can  be  raised  progressively 
higher  and  higher.  The  limit  has  not  yet  been  reached  but  an 
apparatus  of  this  type  is  now  operating  at  a  peak  potential  only 
slightly  under  1,000,000  volts  with  some  three  milliamperes  of 
current.  Any  short  circuit  in  the  steel  tank  to  which  the  voltage  is 
confined  stops  the  action  of  the  oscillators  generating  the  high- 
frequency  current  in  about  a  millionth  of  a  second  so  that  damage 
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to  the  filament  or  the  anticathode  is  avoided.  The  flexibility  of  this 
apparatus  and  its  great  range  of  voltage  and  current  capacity  render 
it  particularly  adaptable  for  the  experiments  which  it  is  proposed  to 
carry  out.  Obviously  such  apparatus  is  not  desirable  as  a  close  neigh- 
bor for  the  amount  of  X-ray  which  is  given  off  is  enormous  and  it 
may  not  only  fog  photographic  plates  which  may  be  near  it  in  the 
laboratory  but  will  also  produce  more  undesirable  results  unless 
great  care  is  taken  to  protect  those  working  near  the  machine  by  at 
least  four  inches  of  lead  about  the  steel  tube,  even  though  the  walls 
of  the  latter  are  half  an  inch  thick.  In  view  of  these  facts  it  was 
evident  that  the  machine  could  not  be  housed  in  the  Crocker 
Laboratory  and  on  discussing  sites  where  this  apparatus  could  be 
suitably  placed  it  was  suggested  that  it  might  be  well  for  the  Insti- 
tute of  Cancer  Research  and  Presbyterian  Hospital  at  the  Medical 
Center  at  168th  Street,  New  York  City,  to  combine  interests;  that  is, 
for  the  Institute  to  construct  the  apparatus  and  the  Hospital  to 
supply  the  building,  so  that  when  the  scientific  investigations  were 
completed  the  machine  could  then  be  transferred  to  Presbyterian 
Hospital  as  a  part  of  the  equipment  of  its  radiotherapeutic  depart- 
ment. The  scientific  studies  will  include  very  accurate  measure- 
ments of  the  X-ray  output  of  the  machine  at  a  variety  of  voltages 
and  filtration  so  that  patients  can  be  treated  without  risk,  and  in 
addition  the  evaluation  of  the  most  useful  voltage  for  the  treatment 
of  cancer,  considering  the  factors  of  expense  to  the  patient  and  the 
various  other  practical  aspects  of  radiation  treatment.  The  appar- 
atus can  then  be  set  at  this  voltage  and  will  require  but  little  future 
adjustment  or  repair  if  properly  handled. 

Mr.  Frank  M.  Exner,  the  physicist  of  the  Institute  who  collabo- 
rates with  Professor  Packard  in  all  radiological  research,  spent  some 
months  in  the  University  of  California  studying  the  development 
of  the  new  apparatus  which  is  far  more  complicated  in  its  con- 
struction than  the  ordinary  X-ray  machine.  From  the  Hospital's 
aspect  it  was  important  at  the  outset  so  to  plan  the  plant  that  a 
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number  of  patients  could  be  treated  at  the  same  time.  With  the 
apparatus  running  at  nearly  1,000,000  volts  it  is  possible  to  deliver 
through  a  suitable  opening  from  the  tube  a  full  dose  of  X-ray 
through  one-fourth  of  an  inch  of  lead  and  three  feet  from  the  tube 
in  some  thirty  minutes.  Thus  if  six  patients  can  be  treated  at  once, 
which  is  the  arrangement  on  the  new  apparatus,  the  expense  to 
each  individual  would  be  one-sixth  of  that  if  the  tube  were  arranged 
to  treat  only  one  patient  at  a  time.  On  the  other  hand,  with  thinner 
filters  of  light  metal  thousands  of  X-ray  units  per  minute  can  be 
delivered  for  experimental  purposes.  Also  each  one  of  the  six  open- 
ings may  have  a  different  filter  so  that  great  flexibility  not  inherent 
in  any  other  form  of  apparatus  is  possible. 

Presbyterian  Hospital  has  constructed  a  building  to  house  the 
new  X-ray  machine  and  much  of  the  machinery  is  assembled  and 
ready.  Through  the  generosity  of  the  Chemical  Foundation  which 
controls  the  patents,  the  Institute  has  been  able  to  obtain  a  gift  of 
sufficient  stainless  steel  to  construct  the  X-ray  vacuum  tube.  The 
use  of  this  alloy  is  a  great  advantage  because  if  the  slightest  amount 
of  rust  forms  in  the  steel  tube  in  which  X-ray  is  generated  gases  are 
adsorbed  by  the  rust  and  then  given  off  again  making  the  produc- 
tion of  a  high  vacuum  in  the  tube  much  more  difficult,  for  one  of 
the  complications  which  is  inherent  in  the  construction  is  that  the 
steel  X-ray  tube,  which  measures  some  3%  by  4  feet,  like  all  large 
tubes  designed  for  very  high  voltage  must  be  continually  exhausted 
by  a  series  of  high-vacuum  pumps.  This  is  due  to  the  fact  that  gases 
are  continually  given  off  from  the  metal  of  the  apparatus,  especially 
when  it  is  heated,  and  also  to  the  fact  that  the  tube  has  to  be 
made,  so  to  speak,  demountable  so  that  repairs  can  be  done  at  any 
moment  or  alterations  made  should  the  necessity  arise.  This  neces- 
sitates opening  of  the  tube  and  its  resealing,  and  then  pumping  out 
all  but  a  few  billionths  of  the  normal  air  pressure  before  the  X-ray 
can  be  turned  on,  but  some  leakage  at  the  joints  can  not  always  be 
prevented. 
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Whenever,  then,  the  research  work  is  completed  and  it  is  finally 
decided  which  is  the  most  useful  voltage,  the  apparatus  can  be  fixed 
to  run  permanently  at  that  rate  and  will  place  in  the  hands  of  the 
radiotherapeutic  department  of  Presbyterian  Hospital  an  equip- 
ment costing  little  more  than  the  usual  high-voltage  commercial 
outfit,  easily  repairable,  and  delivering  such  an  enormous  amount 
of  X-ray  as  will  permit  treating  patients  in  minutes  instead  of  hours. 
Such  a  machine  obviates  the  necessity  for  locking  up  of  hospital 
funds  in  large  quantities  of  radium  for  the  tube  will,  at  a  million 
volts,  be  giving  off  penetrating  radiation  equivalent  to  several 
pounds  of  radium. 

Mr.  Exner  has  spent  most  of  his  time  during  the  past  year  on  mat- 
ters related  to  the  design  and  construction  of  the  Sloan  X-ray 
generator  just  mentioned.  Besides  assisting  in  the  planning  and  the 
construction  of  the  building  to  house  this  installation  at  the  Medical 
Center,  and  planning  and  ordering  the  auxiliary  electrical  equip- 
ment, he  has  taken  advantage  of  the  delays  which  have  arisen,  as 
are  unavoidable  in  the  construction  of  any  new  apparatus,  to  work 
out  a  number  of  engineering  improvements  in  the  design  of  the 
machine  itself,  besides  adopting  the  improvements  which  are  con- 
tinually being  made  in  the  apparatus  now  in  use  at  the  University 
of  California.  In  this  development  work  the  assistance  of  the  engi- 
neering staff  of  the  Research  Corporation,  made  available  through 
the  courtesy  of  Mr.  Howard  A.  Poillon,  president  of  the  corpora- 
tion, was  of  the  greatest  value  in  working  out  the  mechanical 
details  of  a  number  of  improvements  and  additions  to  the  design. 
In  addition  to  this  work  of  an  engineering  character  Mr.  Exner 
continued  his  work  with  Professor  Packard  on  developing  a 
method  for  measuring  depth  doses  of  X-rays  which  will  be  suitable 
for  high-voltage  radiation,  while  some  further  steps  were  accom- 
plished toward  evaluating  the  intensity  of  the  gamma  radiation 
from  radium  in  terms  of  the  unit  of  X-ray  intensity. 
Professor  Charles  Packard  has  been  carrying  on  three  different 
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series  of  experiments  during  the  past  year.  The  first  was  a  continua- 
tion of  the  depth  dose  tests  begun  more  than  a  year  ago,  employing, 
as  is  customary,  a  water  tank  to  represent  the  human  body.  It 
seemed  advisable  to  test  different  types  of  chamber  for  holding  the 
eggs  under  water  to  see  whether  the  results  obtained  are  influenced 
by  the  kind  of  chamber  used  and  its  composition.  Careful  compar- 
ison showed  that  the  eggs  behave  in  the  same  way  to  X-rays  in  both 
old  and  new  chambers.  Many  tests  indicate  that  when  the  irra- 
diated area  is  large,  the  amount  of  scattered  radiation  in  the  upper 
three  centimeters  of  water  is  much  greater  than  is  indicated  by 
physical  measurements;  but  under  small  portals  the  eggs  and  the 
small  ionization  chambers  used  are  in  substantial  agreement. 

A  number  of  tests  have  been  made  with  a  new  radon  applicator 
which  has  a  spherical  form  one  centimeter  in  radius  so  that  all  the 
eggs  can  be  exposed  at  an  equal  distance  from  the  source.  The  small 
bulb  container  for  the  radon  is  made  of  platinum  with  a  wall  thick- 
ness of  one  half  millimeter  so  that  only  the  gamma  rays  reach  the 
eggs.  The  obvious  purpose  of  this  work  was  to  determine  the  inten- 
sity of  gamma  radiation  in  terms  of  roentgens,  using  Drosophila 
eggs.  At  present,  physical  methods  have  not  proved  satisfactory  for 
making  this  comparison.  The  results  of  this  year's  work  are  in  fair 
agreement  with  similar  tests  made  in  previous  years. 

Since  the  eggs  are  good  dosimeters  it  is  important  that  their  limits 
of  error  be  determined  with  utmost  accuracy  and  also  the  con- 
ditions under  which  they  will  give  the  most  constant  results.  Dur- 
ing the  year  many  tests  have  been  made  with  these  objects  in  view. 
It  was  found  that  the  average  of  three  separate  tests  made  under 
similar  conditions  will  show  a  standard  deviation  of  about  3  per 
cent  from  the  presumably  correct  value.  If  more  tests  are  made, 
their  average  will  be  correspondingly  closer  to  the  true  value. 

Samples  of  eggs  collected  in  the  usual  way  consist  of  individuals 
whose  ages  vary  from  one  to  three  hours.  A  study  of  the  reaction 
of  eggs  of  different  ages  shows  that  the  sensitivity  of  very  young 


l6  COLUMBIA    UNIVERSITY 

eggs — irradiated  when  not  more  than  thirty  minutes  old — is  far 
less  than  that  of  the  usual  sample,  which  reaches  its  greatest  sensi- 
tivity about  two  hours  after  the  beginning  of  the  period  of  egg  col- 
lection. Eggs  older  than  this  are  again  less  sensitive. 

Scarcely  a  week  passes  without  the  submission  of  some  problem 
from  those  who  have  not  the  facilities  for  experimentation  with 
animal  tumors.  If  the  suggestion  has  in  it  a  shred  of  possibility  that 
some  effect  might  be  expected  on  tumors,  arrangements  are  made 
to  test  the  results  and  report  to  the  originator  of  the  idea.  In  addi- 
tion, a  certain  number  of  published  investigations  are  repeated; 
some  with  the  certainty  that  a  negative  answer  will  be  obtained, 
some  of  such  interest  that  a  prompt  confirmation  from  an  inde- 
pendent source  is  desirable.  Among  these  was  a  paper  from  Ger- 
many stating  that  follutein  injected  into  animals  bearing  tumors 
would  cure  them.  This  seemed  so  astonishing  a  statement  that  its 
verification  seemed  imperative.  A  series  of  sixty  mice  bearing 
tumors  were  treated  with  follutein  kindly  presented  to  the  Institute 
by  E.  R.  Squibb  and  Sons,  yet  no  tumors  were  cured.  The  tumor 
used  was  one  which  never  cures  itself  and  grows  with  such  vigor 
that  serious  disturbance  of  the  carriers'  health  is  possible  without 
causing  regression.  Evidently  the  tumor  used  abroad  was  so  poorly 
adapted  to  the  host  that  the  amount  of  foreign  material  injected 
interfered  so  much  with  the  health  of  the  animal  that  the  tumor 
was  able  to  cure  itself.  This  work  was  done  by  Dr.  Otto  F.  Krehbiel 
as  a  part  of  the  general  routine  which  goes  on  in  any  laboratory 
studying  a  large  problem  such  as  cancer. 

Dr.  Krehbiel  also  examined  two  new  lead  preparations  from  the 
du  Pont  laboratories.  Both  contained  lead  and  manganese  in  the 
usual  amounts.  The  one  was  prepared  in  such  a  way  as  to  produce 
smaller  particles  than  in  previous  solutions;  the  other  contained 
gelatin  0.4  per  cent  and  acacia  1.1  per  cent  in  place  of  gelatin  alone. 
The  effects  observed  when  these  preparations  were  injected  intra- 
venously into  rats  bearing  tumors  were  much  less  than  those  pro- 
duced by  the  original  Blair  Bell  lead  colloid. 
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With  an  antigen  made  from  embryonal  calf  liver  tests  were  made 
to  see  whether  an  immunity  to  tumor  grafting  could  be  obtained. 
Twelve  rats  received  six  subcutaneous  injections  of  the  antigen  in 
doses  gradually  increased  from  o.i  cc.  to  0.5  cc.  A  week  later  they 
were  inoculated  with  a  carcino-sarcoma  No.  256.  Into  another  series 
treated  in  the  same  way,  the  Flexner  Jobling  rat  carcinoma  was 
grafted.  The  resulting  tumors  differed  in  no  respect  from  those  of 
the  controls.  A  serum  was  also  used  which  was  obtained  from  large 
rats  after  they  had  received  six  subcutaneous  injections  of  the  anti- 
gen mentioned  above  in  amounts  varying  from  0.1  cc.  to  0.5  cc.  at 
48-hour  intervals.  The  serum  was  given  subcutaneously  to  nine  rats 
three  times,  two  days  intervening  between  the  injections.  A  week 
later  these  animals  were  inoculated  with  the  Flexner  carcinoma. 
The  resulting  tumors  grew  at  the  usual  rate. 

The  effect  upon  the  growth  of  rat  tumor  grafts  of  the  injection 
of  lead  over  a  long  period  previous  to  the  grafting  was  also  investi- 
gated at  the  request  of  Dr.  William  H.  Kraemer  of  the  Jefferson 
Medical  College  of  Philadelphia.  Twelve  rats  received  intraven- 
ously twelve  injections  of  1  mg.  of  lead  (du  Pont  lead  and  manga- 
nese preparation  E-100)  per  100  gms.  of  weight  at  48-hour  intervals. 
A  week  after  the  last  injection,  tumor  256  was  implanted.  Another 
group  received  4  mgs.  of  lead  per  100  gms.  of  weight  once  a  week 
for  eight  weeks  and  were  inoculated  with  tumor  256  seven  days 
after  the  last  injection.  As  numerous  deaths  occurred  in  the  first 
two  groups  before  a  sufficient  number  of  records  had  been  made, 
the  experiment  was  repeated  and  eleven  of  the  rats  of  each  series 
survived  the  period  required  for  five  chartings  of  the  tumor.  There 
was  no  appreciable  difference  in  the  rate  of  growth  of  the  tumors 
or  in  the  occurrence  of  metastases  between  the  injected  animals  and 
those  of  the  control  group  or  of  numerous  other  untreated  rats 
bearing  tumor  256. 

In  October,  1933,  a  physician  having  no  facilities  for  handling 
tumor  rats  asked  to  have  some  animals  injected  intravenously  with 
an  aqueous  solution  of  gentian  violet  and  immediately  thereafter 
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with  iodine.  He  had  done  such  injections  on  rabbits  and  had 
observed  vascular  change  which  he  believed  might  interfere  with 
the  growth  of  a  tumor.  After  determining  the  sublethal  dose,  some 
normal  rats  and  a  few  bearing  rat  sarcoma  No.  39  received  three 
injections  of  gentian  violet  at  48-hour  intervals,  each  being  followed 
at  once  by  iodine.  After  periods  varying  from  seven  to  fourteen 
days,  the  rats  were  killed  and  sections  of  the  brain,  lungs,  liver, 
kidneys,  spleen,  and  tumor  prepared.  Moderate  hemorrhages  were 
noted  in  all  the  organs  and  the  tumor  appeared  somewhat  con- 
gested. Repeated  injections  in  tumor-bearing  rats  did  not  affect 
tumor  growth,  however. 

A  preparation  for  which  high  claims  of  cures  in  human  beings 
had  been  made  by  the  originator  was  submitted  by  a  foundation 
and  tested  quite  extensively  on  mice  bearing  mouse  sarcoma  180, 
rat  sarcoma  39,  the  Flexner  rat  carcinoma,  and  spontaneous  mouse 
tumors.  No  therapeutic  effect  was  observed  on  the  tumors,  hence 
it  is  improbable  that  any  benefit  has  or  will  ever  be  obtained  on 
human  neoplasms  with  the  substance  in  question. 

An  extensive  group  of  experiments  were  begun  injecting  a  sus- 
pension of  i:2:5-.6-dibenzanthracene  in  solid  paraffin  in  the  sub- 
cutaneous tissues  of  mice,  rats,  guinea  pigs,  and  rabbits.  Four  strains 
of  rats  were  used.  In  one  strain  only  have  tumors  so  far  developed 
and  then  only  after  254  days,  which  is  just  about  the  period  required 
for  the  appearance  of  the  liver  sarcomata  investigated  by  Professor 
Bullock  and  Drs.  Curtis  and  Dunning. 

In  two  strains  of  mice  tumors  developed  in  one  only,  132  days 
or  more  after  inoculation.  In  this  strain  fifteen  tumors  appeared  in 
107  animals.  This  is  a  much  greater  number  than  occur  in  this 
strain  spontaneously  and  the  tumors  have  appeared  earlier.  They 
were  all  sarcomata  but  one. 

Professor  Frederick  Prime  has  extended  his  studies  on  the  lethal 
effect  of  X-ray  on  tumor  growth  to  those  spontaneous  tumors 
produced  in  rats  and  mice  by  i:2:5:6-dibenzanthracene,  together 
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with  the  effect  of  certain  dyes  on  the  reticulo-endothelial  system 
which  it  has  been  claimed,  but  never  satisfactorily  proved,  may 
inhibit  a  tissue  resistance  to  the  transplantation  of  these  artificially 
produced  tumors. 

Professor  Prime  is  continuing  his  experiments  in  regard  to  the 
question  of  concomitant  immunity  to  various  tumors  now  in  con- 
stant use  in  this  laboratory.  Professor  Prime  is  also  collaborating 
with  Dr.  Cushman  D.  Haagensen  in  an  extended  analysis  of  the 
natural  history  of  all  the  spontaneous  and  transplanted  rat  and 
mouse  tumors  observed  and  recorded  in  this  institution  during  the 
last  twenty  years. 

Dr.  Haagensen  has  continued  his  investigation  of  relationship 
of  environmental  conditions  to  the  frequency  of  spontaneous  car- 
cinoma in  the  Marsh  strain  of  mice  from  the  State  Institute  for  the 
Study  of  Malignant  Disease  at  Buffalo.  About  fifty  of  the  mice 
involved  in  the  experiment  still  remain  alive  and  final  conclusions 
cannot  be  drawn  until  they  have  died.  It  is  evident,  however,  that 
when  mice  of  this  strain  are  kept  under  such  favorable  conditions 
that  they  live  a  comparatively  long  time,  many  of  the  females  de- 
velop mammary  carcinoma  and  that  the  failure  of  the  strain  to 
show  neoplasms  which  has  been  noted  by  a  number  of  investigators 
both  in  this  country  and  abroad  is  presumably  due  to  the  fact  that 
the  animals  did  not  live  to  a  sufficient  age. 

Dr.  Haagensen  has  also  continued  his  study  of  the  published 
statement  that  injections  of  the  female  sex  hormone  will  increase 
the  incidence  of  mammary  carcinoma  in  male  mice.  It  has  been 
possible,  through  the  kindness  of  E.  R.  Squibb  and  Sons,  to  secure 
a  preparation  of  the  hormone  which  is  much  more  concentrated 
than  any  preparation  previously  obtainable  in  the  United  States. 
By  this  means  Dr.  Haagensen  has  been  able  during  the  past  six 
months  to  administer  to  a  series  of  thirty  male  mice  of  the  Marsh 
strain  a  dose  of  the  female  sex  hormone  equivalent  to  that  which 
Lacassagne  gave  his  mice  (Compt.  rend.  acad.  d.  sc,  195:630, 1932). 
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Despite  the  administration  of  these  enormous  amounts  of  theelin, 
many  thousand  times  the  quantity  which  can  occur  in  the  circula- 
tion under  normal  conditions,  none  of  the  mice  have  as  yet  devel- 
oped cancer  although  they  have  been  injected  longer  than  those 
which  Lacassagne  reported  as  developing  neoplasms.  No  explan- 
ation of  this  difference  can  be  offered,  for  while  the  males  of  the 
Marsh  strain  rarely  if  ever  have  spontaneous  carcinoma  of  the 
breast,  they  respond  to  subcutaneous  injections  of  dibenzanthracene 
by  the  production  of  a  large  number  of  tumors,  mostly,  however, 
sarcomata. 

In  collaboration  with  Professor  Frederick  Prime,  Dr.  Haagensen 
has  also  been  occupied  during  recent  months  in  preparing  a  com- 
prehensive survey  of  the  natural  history  of  transplantable  and  spon- 
taneous tumors  which  have  been  studied  in  this  institute  since  its 
beginning.  This  report  should  be  of  value  to  all  those  who  use 
transplantable  tumors  for  experimental  purposes,  for  it  will  include 
the  results  of  the  routine  inoculations  of  these  tumors  in  approxi- 
mately 200,000  animals,  and  will  furnish  a  highly  accurate  statistical 
guide  as  to  what  may  be  expected  from  any  one  of  them. 

Dr.  Jacob  Heiman's  further  study  of  the  influence  of  the  pituitary 
sex  hormone  and  ovarian  hormone  on  breast  tumors  of  the  rat,  both 
transplanted  and  spontaneous,  is  continuing.  Histological  examina- 
tion of  tissues  from  the  pituitary,  normal  breasts,  ovaries,  and  trans- 
planted tumors,  taken  from  these  animals  is  being  made. 

The  relationship  of  these  hormones  to  hyperplastic  changes  in 
the  breasts  of  normal  rats,  guinea  pigs,  and  rabbits,  is  being  observed 
over  a  long  period  of  time  to  see  if  any  neoplasms  appear. 

Mr.  R.  V.  Ingram  has  been  continuing  his  study  of  the  metallic 
content  of  the  diet  of  experimental  animals.  All  the  metals  that 
have  been  found  to  occur  in  animal  and  human  tumors  have  been 
identified  as  constituents  of  their  diets.  Traces  of  lead  appear  almost 
invariably  in  every  item  of  diet. 

The  study  of  the  metals  appearing  in  human  tumors  is  also  being 
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carried  on.  A  great  deal  more  material  must  be  analyzed  before 
any  conclusions  can  be  drawn  concerning  the  metallic  content  of 
tumors.  For  the  present  it  may  be  said  that  the  metallic  elements 
found  are  also  known  to  exist  in  normal  tissues.  In  eleven  specimens 
analyzed  chromium,  stated  to  be  a  regular  constituent,  has  been 
found  to  occur  only  twice.  For  many  of  these  elements  no  physio- 
logical function  is  known  and  yet  they  are  continuously  found  in 
human  and  animal  tissues. 

A  short  study  was  made  of  concretions,  such  as  kidney  stones, 
bladder  stones,  gall  stones,  etc.,  found  in  the  human  body,  with 
reference  to  their  metallic  content.  With  some  variation  much  the 
same  elements  were  found  to  be  present  as  in  our  other  studies. 

Dr.  Johannes  P.  M.  Vogelaar  has  been  carrying  on  a  variety  of 
work  in  tissue  culture  at  St.  Luke's  Hospital,  aided  by  a  grant  from 
the  Anna  Fuller  Fund.  This  is  another  example  of  coordination  of 
work  between  a  research  laboratory  and  a  hospital,  like  that  with 
the  Medical  Center. 

Dr.  Vogelaar  has  been  able  to  keep  continuously  growing  for  a 
period  of  eight  months  a  strain  of  human  fibroblasts  derived  from 
the  thyroid  gland  removed  at  operation,  in  a  standard  culture 
medium  to  which  no  embryonic  extracts  or  other  stimulants  have 
been  added.  The  use  of  such  a  standard  culture  medium  makes  it 
possible  to  draw  some  sound  conclusions  as  to  the  influence  of 
various  substances  on  the  growth  of  the  cells  because  this  becomes 
very  constant  under  such  conditions  and  it  is  probable  that  the 
human  strain  could  be  kept  growing  indefinitely  in  beef  plasma  to 
which  certain  feeding  substances  have  been  added.  These  facts  are 
illustrated  in  two  papers  which  have  recently  been  published  in 
The  American  Journal  of  Cancer  showing  that  traces  of  copper 
stimulated  the  growth  of  human  connective  tissue  while  traces  of 
silver  had  little  or  no  effect. 

Still  further  progress  has  been  made  in  simplifying  this  culture 
medium  using  a  fibrinogen  solution  instead  of  plasma.  This  will 
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simplify  still  more  the  environment  in  which  the  cells  of  the  human 
body  grow  for  many  months  and  possibly  for  an  indefinite  period. 

The  effect  of  thyroxin  on  growing  tissues  has  been  studied  and 
the  effects  were  found  to  be  quite  different  on  human  cells  from 
those  found  by  others  using  chicken  fibroblasts.  The  human  cells 
could  grow  in  concentrations  which  were  toxic  for  the  animal  cells, 
which  shows  the  importance  of  using  standard  cultures  of  cells  in 
such  pharmacological  studies. 

During  the  year  Mr.  Leonard  B.  Brabec  has  been  conducting 
investigations  on  the  effects  of  large  and  small  doses  of  vitamin  A 
on  the  growth  of  transplanted  tumors  in  rats.  In  both  instances  com- 
parisons are  made  with  control  animals  on  a  diet  free  of  vitamin  A. 
Some  of  the  control  animals  are  normal,  others  carry  transplanted 
tumors.  Some  of  the  vitamin  work  hitherto  done  in  connection 
with  cancer  has  been  vitiated  by  lack  of  care  in  eliminating  traces 
of  the  vitamin  from  food  and  avoiding,  on  the  other  hand,  if  the 
diet  is  limited,  a  deficiency  of  some  other  important  vitamin.  While 
carotene  is  regarded  as  a  precursor  of  vitamin  A,  it  is  not  accurately 
known  how  effective  the  carotenase  of  the  liver  may  be  in  a  group 
of  animals.  For  this  reason  it  is  important  not  only  to  use  carotene 
but  to  check  with  other  preparations  of  vitamin  A  concentrate.  So 
far  the  evidence  collected  from  observing  a  large  series  of  animals 
fed  with  large  amounts  of  carotene  is  that  the  tumor  growth  rate 
is  slightly  accelerated  in  contrast  to  an  inhibition  found  by  other 
workers.  The  whole  question  is  one  merely  of  biological  interest, 
for  it  is  unlikely  that  vitamins  have  anything  to  do  with  the  origin 
of  tumors,  and  in  any  case  the  quantities  administered  are  vastly 
greater  than  a  human  being  would  ever  receive  on  on  ordinary 
diet.  But  as  there  is  no  question  that  cancer  is  dependent  upon  the 
presence  of  irritative  or  toxic  chemical  substances  in  the  body  it  is 
important  therefore  to  eliminate  all  the  known  vitamins  at  the 
start,  after  which  the  question  of  the  various  hormones  may  be 
taken  up.  That  such  hormones  have  some  connection  with  cancer 
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is  shown  by  the  fact  that  removal  of  the  ovaries  in  young  mice  pre- 
vents their  having  cancer  of  the  breast.  On  the  other  hand,  it  cannot 
be  that  any  hormone  is  entirely  responsible,  for  we  are  witnessing 
in  many  laboratories  the  astonishing  production  of  large  numbers 
of  tumors  by  the  use  of  three  simple  hydrocarbons  discovered  by 
Cook.  In  addition,  cancer  is  produced  in  man  and  animals  in  large 
numbers,  due  to  the  secretion  of  irritating  chemical  substances 
derived  from  parasites  of  various  types.  The  whole  situation  is  an 
illustration  of  the  enormous  complexity  of  the  cancer  problem. 

The  Director,  Professor  Francis  C.  Wood,  in  addition  to  his 
routine  duties  as  administrator  of  the  Institute  and  the  tissue  cul- 
ture laboratory  at  St.  Luke's  Hospital,  continues  to  act  as  a  member 
of  the  advisory  board  of  the  International  Cancer  Research  Founda- 
tion, and  the  editor  of  the  American  Journal  of  Cancer,  contributing 
to  the  latter  a  number  of  editorials  and  book  reviews.  He  has  fur- 
nished the  usual  article  on  cancer  for  the  Americana  Annual  and 
has  given  occasional  lectures  on  some  research  phase  of  cancer 
before  medical  bodies.  Professor  Wood  has  completed  his  revision 
of  Delafield  and  Prudden's  Text-Boo\  of  Pathology,  sixteenth 
edition.  During  the  year  he  was  made  an  honorary  member  of  the 
Radiological  Society  of  the  Northern  Countries  of  Europe. 

The  American  Journal  of  Cancer  continues  to  grow  in  the  num- 
ber of  papers  and  abstracts  published  while  the  material  offered 
for  publication  has  greatly  increased  both  in  amount  and  quality. 
It  could  not,  however,  exist  without  the  generous  support  of  the 
Chemical  Foundation,  which  meets  its  deficit. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors 
at  the  Institute  during  the  Summer  Session,  and  also  gave  his  annual 
talk  to  the  students  on  cancer  research. 

The  Institute  continues  to  furnish  a  large  number  of  tumor- 
bearing  animals  to  various  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the 
laboratory  staff  during  the  year  follows : 
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Bullock,  Frederick  D.,  Wilhelmina  F.  Dunning,  and  Maynie  R.  Curtis, 
"Observations  on  the  Digestion  of  the  Shells  of  the  Eggs  of  Taenia  Taenia- 
f  or  mis."  American  Journal  of  Cancer,  XX  (February,  1934),  390-96. 

Curtis,  Maynie  R.,  Wilhelmina  F.  Dunning,  and  Frederick  D.  Bullock, 
"Further  Evidence  in  Support  of  the  Somatic  Mutation  Hypothesis  of 
the  Origin  of  Malignancy."  American  Journal  of  Cancer,  XXI  (May,  1934), 
86-98. 

Haagensen,  Cushman  D.,  "The  Bases  for  the  Histologic  Grading  of  Carci- 
noma of  the  Breast."  American  Journal  of  Cancer,  XIX  (October,  1933), 
285-327. 

"Attempts  to  Produce  Immunity  to  Transplantable  Rat  Tumors 

with  Chicken  Blood."  American  Journal  of  Cancer,  XXI  (June,  1934), 
376-79. 

Krehbiel,  Otto  F.,  Cushman  D.  Haagensen,  and  Herma  Plantenga,  "The 
Effect  of  the  Anterior  Pituitary  Hormones  on  the  Growth  of  Mouse  Sar- 
coma." American  Journal  of  Cancer,  XXI  (June,  1934),  346-54. 

Packard,  Charles,  "Biologic  Effects  of  Roentgen  Rays  and  Radium."  The 
Science  of  Radiology,  1933,  pp.  319-31. 

Prime,  Frederick  D.,  and  Cushman  D.  Haagensen,  "The  Effect  of  Testicle 
Extract  on  Animal  Neoplasms."  American  Journal  of  Cancer,  XXI  (March, 
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Woglom,  William  H.,  and  Lawrence  A.  Weber,  "Heavy  Water  and  Tumor 
Growth."  Journal  of  the  American  Medical  Association,  CII  (April  21, 
1934),  1289-90. 
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To  the  President  of  the  University 
Sir: 

I  have  the  honor  to  submit  the  twenty-second  annual  report  of 
the  Institute  of  Cancer  Research. 

Professor  William  H.  Woglom  has  continued  his  efforts  to  sepa- 
rate out  the  tumor  inhibiting  substance  or  substances  mentioned  in 
last  year's  report.  Some  evidence  has  been  gathered  tending  to  show 
that  it  can  be  obtained  in  watery  solution  without  any  great  loss  of 
activity,  but  much  more  definite  information  will  be  required 
before  this  assumption  can  be  accepted  as  an  established  fact.  The 
frequent  occurrence  of  bacterial  contamination  despite  the  utmost 
care,  the  almost  incredible  delicacy  of  the  reactions  involved,  and 
occasional  epidemics  among  the  experimental  animals  make  the 
work  time-consuming  and  laborious. 

Professor  Frederick  D.  Bullock  and  Drs.  Maynie  R.  Curtis  and 
Wilhelmina  F.  Dunning  have  continued  their  study  of  the  etiology 
of  Cysticercus  sarcoma  of  the  rat's  liver  stressing  the  development 
of  a  method  of  infesting  rats  with  sterile  viable  larvae.  An  analysis 
of  the  data  obtained  from  7,005  simultaneous  inoculations  of 
Cysticercus  sarcoma  146  and  the  Jensen  rat  sarcoma  into  hosts  of 
different  genetic  constitution  has  been  completed  and  is  in  the 
process  of  preparation  for  publication.  This  analysis  showed  that 
the  physiological  constitution  of  the  host  which  was  favorable  for 
the  growth  of  these  tumors  was  controlled  by  independent  domi- 
nant hereditary  factors.  Conversely,  natural  immunity  to  either 
tumor  behaved  as  a  recessive.  A  comparison  of  the  rate  of  growth 
of  Cysticercus  sarcoma  146  which  grew  in  hosts  in  which  the  Jensen 
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rat  sarcoma  was  simultaneously  growing  with  the  rate  of  growth 
of  146  which  grew  in  hosts  in  which  JRS  receded  showed  that 
neither  the  progressively  growing  or  receding  JRS  exerted  any 
influence  on  the  rate  of  growth  of  146.  Likewise,  neither  the  pro- 
gressively growing  or  receding  146  influenced  the  rate  of  growth  of 
JRS.  A  study  of  the  influence  of  the  sex  and  age  of  the  host  when 
inoculated  on  the  per  cent  of  positives  and  the  rate  of  growth  of 
both  tumors  showed  that  the  effect  of  these  factors  was  of  minor 
importance  compared  with  the  presence  or  absence  of  the  above- 
mentioned  genetic  factors. 

With  the  collaboration  of  Dr.  Otto  F.  Krehbiel,  Drs.  Curtis  and 
Dunning  and  Professor  Bullock  have  continued  their  experiments 
with  injections  of  1  \i  15 :6-dibenzanthracene  and  1 :2-benzpyrene 
suspended  in  solid  paraffin  into  the  subcutaneous  tissues  of  rats 
and  mice.  A  preliminary  survey  of  the  results  to  date  showed  that 
of  the  six  strains  of  rats  which  have  been  injected  with  1:2:5:6- 
dibenzanthracene  all  have  developed  tumors.  Seven  strains  of  rats 
and  five  strains  of  mice  have  been  injected  with  1 :2-benzpyrene 
and  all,  including  the  strains  which  were  previously  reported  to  be 
negative,  have  developed  tumors.  The  minimum  period  before  the 
appearance  of  a  tumor  in  a  rat  from  the  dibenzanthracene  injection 
was  137  days  with  16  milligrams  of  the  carcinogenic  substance. 
The  mean  based  on  64  tumors  with  the  dose  varying  from  1/50  to 
1/4  mg.  was  308.9  ±  7.4  days  or  10.3  months  and  the  maximum 
was  544  days  with  1/50  mg.  The  variation  in  the  time  required  to 
produce  these  tumors  is  almost  as  great  as  in  the  case  of  Cysticercus 
sarcomata,  but  it  will  be  noted  that  the  time  required  for  the  tumors 
to  appear  is  some  four  months  less.  It  may  be  said  tentatively  that 
1/50  mg.  of  1 :2 :5 :6-dibenzanthracene  in  paraffin  is  equivalent  to 
30  or  more  Cysticercus  larvae  in  the  time  required  to  produce  a 
tumor.  In  mice  the  minimum  was  74  days. 

The  1 :2-benzpyrene  produced  tumors  in  a  much  shorter  time, 
the  minimum  period  for  rats  being  76  days  and  the  maximum  265 
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days.  For  mice  the  minimum  time  was  63  days  and  the  maximum 
169  days.  The  mean  length  of  time  to  produce  a  tumor  in  a  rat, 
based  on  560  tumors  with  the  dose  varying  from  2  to  24  mg.  was 
130.7  ±  0.7  days  or  4.4  months,  and  for  199  mouse  tumors  with  the 
dose  varying  from  1/100  to  1/25  mg.  was  100.7  =*=  °-8  days  or  3.4 
months.  Experiments  are  under  way  to  test  the  relation  between 
the  size  of  the  dose  and  the  time  interval  before  the  appearance  of 
the  tumors  in  the  two  species  and  the  relative  potency  of  the  carci- 
nogenic agents  compared  with  each  other  and  with  the  Cysticercus 
larvae. 

Dr.  Johannes  P.  M.  Vogelaar  has  continued  his  studies  on  the 
growth  of  human  fibroblasts  in  culture  and  has  been  able,  among 
many  other  cultures,  to  keep  one  strain  in  full  vigor  and  actively 
growing  for  a  year,  after  which  period  it  was  no  longer  carried  on. 
The  possibility  of  growing  such  a  strain  over  a  considerable  time  is 
significant,  because  a  more  uniform  material  is  available  for  various 
experiments  than  when  cultures  are  prepared  from  tissues  of  dif- 
ferent patients  without  sufficient  lapse  of  time  to  map  out  their 
biological  qualities.  Such  a  culture  may,  for  example,  be  very  useful 
in  the  study  of  the  action  of  carcinogenic  agents  on  human  tissue. 
It  seems  not  improbable  that  normal  tissue  cells  can  be  changed 
into  malignant  cells  in  vitro  under  the  influence  of  such  an  agent 
though  all  efforts  to  obtain  this  change  have  failed  so  far  not  only  in 
this  laboratory  but  in  many  others.  A  reason  for  this  difference 
between  cells  in  culture  and  in  the  animal  is  not  yet  available. 
Since,  unfortunately,  such  a  change  could  not  be  proved  by  actual 
transplantation  of  exposed  cultures  into  human  beings,  it  was 
decided  first  to  perform  similar  experiments  on  animal  tissue  in 
order  to  study  the  possibility  of  such  a  change.  Since  benzpyrene 
has  been  shown  to  produce  tumors  in  mice  with  great  rapidity,  it 
was  decided  to  use  this  agent  on  cultures  of  animal  tissue.  Experi- 
ments were  started  with  benzpyrene  suspended  in  paraffin,  a  com- 
bination which  had  proved  very  effective  in  the  production  of 
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tumors  in  animals  by  simple  subcutaneous  injection,  the  paraffin 
marking  the  place  where  the  tumor  process  began.  It  soon  became 
evident  that  paraffin  was  unsatisfactory  for  tissue  cultures.  Small 
pieces  of  paraffin,  containing  the  carcinogenic  agent,  were  placed 
in  juxtaposition  with  pieces  of  mouse  and  rat  tissue.  The  paraffin 
seemingly  did  not  influence  the  activity  of  the  fibroblasts  which 
grew  out  on  all  sides  of  the  tissue,  but  unfortunately  there  was  no 
tendency  of  the  tissue  to  grow  around  the  paraffin,  thereby  estab- 
lishing a  more  intimate  contact  between  the  cells  and  the  material 
loaded  with  the  carcinogenic  agent.  The  presence  of  a  solid  piece 
of  paraffin  interfered  with  the  cutting  of  the  plasma  clot  which 
was  necessary  in  making  subcultures.  This  was  the  deciding  factor 
in  discontinuing  further  experiments  in  this  direction.  Lard  proved 
to  be  entirely  unsatisfactory  as  a  solvent  for  the  carcinogenic  agent. 
It  thus  became  clear  that  the  only  way  to  apply  benzpyrene  to  the 
cultures  was  to  use  it  in  the  form  of  a  colloidal  suspension.  When 
Dr.  Otto  F.  Krehbiel,  later  in  the  year,  obtained  tumor  growth  in 
animals  by  using  a  small  quantity  of  such  a  suspension,  it  was 
decided  to  use  only  this  preparation  for  further  work. 

Other  workers  have  used  colloidal  suspensions  of  carcinogenic 
substances  for  the  production  of  tumors  in  animals.  These  suspen- 
sions were  prepared  by  using  benzene  or  acetone  as  the  solvent. 
The  use  of  these  solvents  was  considered  undesirable  since  they  are 
very  toxic  to  the  tissue  in  culture  even  in  traces.  It  is  true  that,  dur- 
ing the  preparation  of  the  colloidal  suspension,  the  benzene  or 
the  acetone  is  boiled  off.  However,  it  is  not  improbable  that  traces 
of  the  chemicals  are  left  in  the  water  even  after  boiling  the  latter 
for  several  minutes.  Since  cultures  often  are  sensitive  to  the  most 
minute  traces  of  toxic  substances,  a  special  technique  was  developed 
for  the  preparation  of  colloidal  suspensions  of  benzpyrene  and 
related  substances.  The  solution  contains  a  definite  amount  of  benz- 
pyrene and  can  be  kept  for  several  weeks  without  apparent  change. 

The  importance  of  a  colloidal  suspension  of  benzpyrene  in  tissue 
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culture  experiments  lies  in  the  fact  that  all  growing  cells  are  in  con- 
stant and  intimate  contact  with  the  carcinogenic  agent. 

During  the  first  few  months  of  this  year  a  great  number  of  cul- 
tures have  been  prepared  from  various  organs  of  the  adult  albino 
mouse  in  order  to  find  out  which  type  of  tissue  is  best.  From  the 
very  beginning  special  attention  has  been  given  to  the  growth  of 
both  fibroblasts  and  epithelium  since  both  sarcomas  and  carcino- 
mas have  been  obtained  in  animals  treated  with  carcinogenic 
agents.  It  was  found  that,  although  cultures  can  be  obtained  from 
most  organs  such  as  heart,  liver,  spleen,  lung,  bladder,  and  thymus, 
only  very  few  were  satisfactory  for  the  experiments.  The  growth 
often  is  irregular  and  not  vigorous  enough  for  growing  tissue  over 
a  long  period  of  time.  Very  good  cultures,  however,  have  been 
obtained  from  the  thymus  gland.  It  was  possible  to  grow  fibroblasts 
in  a  medium  made  up  with  the  colloidal  solution  of  benzpyrene 
and  there  seemed  no  essential  difference  in  the  rate  of  growth  in 
a  medium  containing  benzpyrene  and  in  a  control  medium  con- 
taining none  of  this  substance. 

Great  difficulties,  however,  were  encountered  when  subculturing 
the  fibroblasts.  Although  subcultures  can  be  made,  their  growth  in 
most  cases  is  rather  limited.  One  of  the  main  reasons  for  this  is  the 
tendency  of  the  network  of  fibroblasts  to  break  up  into  small  chains 
of  cells.  If  such  cells  are  transplanted,  they  have  no  further  tend- 
ency to  grow.  Another  great  difficulty  is  the  liquefaction  of  the 
plasma  by  the  tissue  which  interferes  with  the  preparation  of  sub- 
cultures. Efforts  are  now  being  made  to  overcome  these  technical 
difficulties.  They  form  the  main  hindrance  to  further  progress  since 
we  now  know  definitely  that  the  presence  of  benzpyrene  does  not 
interfere  with  the  general  activities  of  the  cells. 

Tests  of  the  influence  of  thyroxin  on  the  growth  of  human  fibro- 
blasts have  shown  that  this  substance  may  vary  greatly  in  concen- 
tration without  affecting  the  growth  of  tissue  to  an  appreciable 
extent. 
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The  feeding  solution  for  human  fibroblasts  undoubtedly  could 
be  further  improved  by  replacing  the  Witte  peptone,  used  in  its 
preparation,  by  protein  digestion  products,  but  the  required  method 
is  one  of  trial  and  error  and  is  very  time-consuming.  It  has  been 
found,  however,  by  other  workers  in  this  field  that  fibrin  digests 
have  an  extraordinary  stimulating  influence  on  the  growth  of 
fibroblasts.  Some  recent  experiments  by  Dr.  Vogelaar  gave  similar 
results  for  human  fibroblasts.  Further  improvement  in  the  feeding 
solution  for  the  cultures  along  these  lines  is  not  only  desirable 
because  it  facilitates  the  growing  of  permanent  strains  of  cells  of 
known  biological  types,  but  also  because  it  will  give  further  infor- 
mation about  those  substances  which  are  vital  for  the  activities  of 
the  various  cell  types  of  the  human  body.  Such  experiments,  how- 
ever, are  only  useful  when  they  are  done  on  a  large  scale  and  with 
tissues  grown  from  various  persons.  Very  different  results  may  be 
obtained  if  animal  tissues  are  used. 

Two  problems  have  been  investigated  by  Professor  Charles  Pack- 
ard :  the  changes  in  radiosensitivity  of  Drosophila  eggs  during  early 
development,  and  the  measurement  of  gamma  ray  activity  in  terms 
of  biological  roentgens. 

The  Drosophila  method  for  measuring  dosage  is  useful  only  so 
long  as  the  sensitivity  of  the  eggs  in  a  standard  sample  remains  con- 
stant. Individual  eggs  in  such  a  sample  vary  in  age  from  60  to  180 
minutes,  and  their  sensitivity  is  known  to  vary  with  their  stage  of 
development.  It  seemed  desirable  to  determine  precisely  the  magni- 
tude of  this  variation.  To  this  end,  homogeneous  samples  were 
obtained  and  exposed  at  intervals  varying  from  30  to  180  minutes 
after  the  time  of  laying.  It  was  found  that  the  sensitivity  increases 
during  early  development  and  then  falls  abruptly  when  cell  divi- 
sion temporarily  stops.  If  the  standard  sample  is  always  collected 
in  the  same  way,  it  will  contain  the  same  proportions  of  eggs  of 
different  ages,  and  will  therefore  maintain  a  constant  average 
sensitivity. 
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The  measurement  of  gamma  radiations  was  made  with  an  appli- 
cator, designed  by  Mr.  Frank  M.  Exner.  The  Drosophila  eggs, 
placed  on  the  outer  surface,  were  given  definite  doses  measured  in 
terms  of  millicurie  hours.  The  survival  curve  has  precisely  the  same 
course  as  that  obtained  when  eggs  are  exposed  to  X-rays.  When  the 
two  are  superposed,  the  effect  produced  by  a  definite  number  of 
millicurie  hours  can  be  compared  directly  with  that  produced  by 
a  measured  dose  of  X-rays.  The  results  showed  that  under  the  con- 
ditions of  the  experiment,  i  millicurie  hour  of  gamma  radiation 
produces  the  same  biological  effect  as  5  roentgens  of  X-radiation. 
It  is  convenient  to  use  the  term  "biological  roentgens"  in  this  con- 
nection because  the  effect  measured  is  a  biological  reaction.  In  view 
of  the  fact  that  the  physical  methods  of  measuring  gamma  rays  in 
terms  of  roentgens  are  still  open  to  question,  the  biological  method 
is  at  present  the  best. 

Mr.  Frank  M.  Exner,  as  is  stated  above,  has  been  collaborat- 
ing with  Professor  Charles  Packard  on  the  measurement  of  the 
output  of  gamma  radiation  per  gram  of  radium  on  the  basis  of  the 
biological  effectiveness  of  the  radiation  in  comparison  with  X-rays. 
To  this  end  Drosophila  eggs  were  exposed  to  gamma  rays  with  the 
help  of  a  special  applicator  which  was  designed  to  eliminate  a  num- 
ber of  sources  of  error  usually  present  in  experiments  of  this  type. 
These  experiments  yielded  a  result  of  5  roentgens  per  hour  at  1  cm. 
from  a  point  source  equivalent  to  1  mgm.  of  radium  filtered  by 
0.5  mm.  of  platinum.  This  is  in  agreement  with  previous  values 
obtained  by  biological  methods,  but  differs  from  the  results  ob- 
tained by  various  indirect  physical  methods  which  range  from 
7  to  11  r/mgm.  hr.  A  direct  physical  measurement  of  this  quantity 
has  not  yet  been  possible. 

The  remainder  of  Mr.  Exner's  time  has  been  devoted  chiefly  to 
the  construction  of  the  Sloan  X-ray  generator  which  was  described 
in  last  year's  report.  This,  it  will  be  recalled,  is  housed  in  a  build- 
ing constructed  by  the  Trustees  of  the  Presbyterian  Hospital  on 
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the  grounds  of  the  Medical  Center,  and  the  apparatus  is  well 
under  way.  It  will  probably  take  six  months  or  more  before  it  is 
running  steadily.  Even  after  all  of  the  parts  of  the  apparatus  are 
assembled  the  evacuation  of  the  main  chamber  may  reveal  small 
unexpected  leaks  which  are  not  only  difficult  to  find  but  sometimes 
very  difficult  to  remedy.  It  must  be  remembered,  however,  that  this 
is  only  the  third  X-ray  machine  of  this  type  to  be  constructed  and 
that  many  improvements  have  been  embodied  in  it  necessitating  in 
some  cases  a  partial  redesigning  of  the  structure. 

Professor  Frederick  Prime  has  completed  his  work  on  the  quan- 
titative study  of  X-ray  in  regard  to  animal  tumors,  especially  on  a 
guinea  pig  tumor  known  as  Cavy  4.  In  conjunction  with  Dr. 
Haagensen  he  has  completed  the  study  and  analysis  of  all  the 
tumors  grown  in  this  institution  from  its  opening  in  1913  up  to  the 
present  time.  He  is  also  working  on  the  lethal  doses  of  high-voltage 
X-ray  on  human  fibroblasts  derived  from  the  thyroid  gland  and 
grown  in  vitro,  this  portion  of  the  work  being  done  in  conjunction 
with  Dr.  Vogelaar. 

Dr.  Otto  F.  Krehbiel  and  Dr.  Cushman  D.  Haagensen  have  car- 
ried out  a  histological  study  of  tumors  produced  in  mice,  rats,  and 
rabbits  by  means  of  injections  of  i:2:5:6-dibenzanthracene  and 
1 :2-benzpyrene  contained  either  in  melted  paraffin  wax  or  dis- 
solved in  lard.  As  has  been  shown  by  Professor  E.  L.  Kennaway 
and  his  collaborators  these  substances  when  placed  upon  the  skin  in- 
duce squamous  cell  carcinoma,  and  when  injected  into  connective 
tissues,  sarcomata  of  various  types.  Some  of  these  sarcomas  appar- 
ently contain,  or  are  even  largely  made  up  of,  muscle  fibers  derived 
from  the  adjacent  muscles,  from  the  muscular  wall  of  the  smaller 
vessels,  or  from  the  fibers  attached  to  the  hair  follicles.  In  a  few 
instances  the  fatty  tissues  seem  to  enter  into  the  malignant  process, 
a  type  of  tumor  which  has  also  been  observed  by  Bullock,  Curtis, 
and  Dunning  in  their  series  of  neoplasms  produced  in  the  liver  of 
white  rats.  Other  workers  have  shown  that  tumors  can  be  produced 
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in  chickens  and  in  the  various  organs  of  mice  and  rats  by  the  use 
of  these  potent  hydrocarbons,  so  that  now  the  experimental  investi- 
gator of  cancer  has  at  his  disposal  a  great  variety  of  tumors  in  those 
animals  which  are  used  for  purposes  of  convenience  in  the  labora- 
tory. Chiefly  albino  mice  and  rats  will  be  used  because  the  tumors 
appear  more  rapidly.  For  the  development  of  a  tumor  is  a  function 
of  time  as  well  as  of  amount  of  irritation,  as  has  been  shown  most 
clearly  in  the  experiments  of  Professor  Bullock  and  Drs.  Curtis  and 
Dunning.  According  to  this  rule  tumors  may  be  obtained  in  mice 
in  two  months;  in  rats  in  four  or  five  months;  but  guinea  pigs  and 
rabbits  require  a  longer  period,  approximating  a  year.  But  it  is  quite 
certain  that  in  the  future  while  inoculated  tumors  will  be  largely 
used  as  a  basis  for  the  preliminary  experimental  work,  a  rechecking 
of  the  results,  if  they  seem  to  be  important,  will  be  done  upon  the 
so-called  primary  tumors  produced  in  animals  by  some  of  the  com- 
pounds which  Kennaway  and  Cook  have,  after  so  many  years  of 
labor,  offered  to  the  scientific  world.  It  has  already  been  found  in  a 
not  inconsiderable  number  of  instances  that  the  startling  thera- 
peutic effects  that  have  been  observed  when  using  a  variety  of 
grafted  tumors  are  entirely  missing  when  primary  tumors  were 
employed.  Such  primary  tumors,  therefore,  are  much  more  closely 
related  to  the  primary  human  tumors  in  their  biological  qualities 
than  are  the  grafted  tumors  which  have  been  so  long  employed  in 
research  laboratories.  The  fact  that  a  considerable  variety  of  tumors 
has  been  produced  not  only  by  the  action  of  a  parasitic  worm  act- 
ing upon  the  liver  of  a  rat  but  also  by  the  injection  of  pure  chemi- 
cals into  the  tissues,  suggests  that  possibly  the  statement  so  widely 
made  concerning  the  necessity  of  a  multiplicity  of  causes  which 
must  be  assumed  for  the  production  of  the  great  variety  of  tumor 
types  which  exist,  may  not  be  so  essential  as  has  been  thought,  for 
the  parasitic  worms  produced  eighteen  varieties  of  tumors  in  the 
rat's  liver,  and  the  three  most  active  chemical  substances  now  being 
employed  bid  fair  to  produce  an  equal  or  larger  number;  hence  it 


12  COLUMBIA    UNIVERSITY 

looks  as  if  a  small  number  of  agents  might  be  responsible  for  many 
types  of  animal,  and  possibly  human,  cancer. 

Dr.  Cushman  D.  Haagensen,  in  connection  with  Professor  Fred- 
erick Prime,  has  completed  a  study  of  the  spontaneous  and  trans- 
planted tumors  observed  in  this  Institute  since  its  beginning.  This 
undertaking  includes  recorded  observations  on  some  240,000  mice, 
rats,  guinea  pigs,  and  rabbits.  It  has  occupied  the  authors  for  more 
than  a  year,  but  if  published  should  be  of  considerable  assistance  to 
those  who  work  with  the  tumors  of  these  small  laboratory  animals. 

Dr.  Otto  F.  Krehbiel  has  injected  in  collaboration  with  Professor 
Bullock,  Drs.  Curtis  and  Dunning,  464  rats  and  148  mice  with 
dibenzanthracene  or  benzpyrene,  in  paraffin.  The  subcutaneous 
nodules  (equivalent  to  points  of  irritation),  produced  by  the  injec- 
tions, varied  from  one  to  twelve.  The  larger  the  number  of  nodules 
the  more  rapidly  the  tumors  appear. 

Fifty  Longacre  mice  were  treated  with  benzpyrene  in  solid  paraf- 
fin. One  tenth  c.c.  of  a  1  per  cent  solution  was  placed  subcutaneously 
in  from  one  to  ten  places.  Forty  of  these  mice  produced  56  tumors 
in  from  74  to  185  days.  Of  fifty  Rockland  mice,  treated  in  the  same 
way,  forty-four  developed  53  tumors  in  from  89  to  156  days. 

A  group  of  fifty  Marsh  mice  was  injected  subcutaneously  on  each 
side  with  0.2  c.c.  of  a  1  per  cent  benzpyrene  solution  in  lard.  The 
injections  were  repeated  in  three  weeks.  All  these  mice  developed 
tumors  in  from  59  to  122  days.  A  total  of  59  tumors  resulted.  One 
hundred  and  fifty  mice  (Marsh  and  Longacre),  on  which  the 
results  are  not  as  yet  complete,  were  likewise  treated  with  benz- 
pyrene in  lard;  also  100  Rockland  rats.  No  strain  has  been  found  to 
be  resistant  to  the  action  of  these  hydrocarbons. 

The  colloidal  benzpyrene  solution,  used  by  Dr.  Vogelaar  in  his 
tissue  cultures,  was  injected  under  the  skin  of  rats.  Five-tenths  c.c. 
was  given  on  both  sides  once  a  week.  After  26  injections,  five  of  the 
twenty-two  rats  used  developed  tumors. 

Thirty  guinea  pigs  and  forty  rabbits  have  been  treated  with 
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dibenzanthracene  in  paraffin  and  benzpyrene  in  lard  in  various 
ways.  Only  a  few  sarcomata  have  developed  and  the  animals  are 
still  under  observation. 

The  paraffin,  used  as  a  vehicle  for  dibenzanthracene  and  benz- 
pyrene, was  injected  alone  into  twenty  mice  and  twenty  rats  sub- 
cutaneously.  Nine  months  later  the  nodules  were  still  in  place  and 
no  new  tissue  had  formed  around  them. 

For  Dr.  William  H.  Kraemer,  of  the  Jefferson  Medical  College,  a 
solution  of  the  lead  salt  of  benzylsulphonylglycine,  designated 
H  126  and  prepared  by  the  Liverpool  Medical  Research  Organiza- 
tion, was  tested  on  rats  bearing  sarcoma  39.  Like  other  organic  lead 
preparations,  it  caused  severe  toxic  symptoms,  produced  consider- 
able hemorrhage  in  the  tumors,  but  failed  to  check  their  growth 
except  temporarily. 

A  small  amount  of  Coffey-Humber  adrenal  solution  was  used 
for  subcutaneous  injections  in  two  rats,  bearing  sarcoma  39.  One 
rat  received  0.5  c.c.  eight  times,  the  other  the  same  amount  five 
times.  The  tumor  remained  unaffected. 

Several  series  of  rats  were  inoculated  with  Flexner-Jobling  rat 
carcinoma,  sarcoma  39  and  256,  respectively,  for  experiments  with 
diathermy.  A  number  of  rats  were  also  injected  with  varying 
amounts  of  emulsions  of  Flexner-Jobling  rat  carcinoma  and  tumor 
256,  which  had  been  coagulated  with  the  current,  and  subsequently 
these  rats  were  inoculated  with  the  corresponding  tumors.  No  im- 
munity was  produced  by  the  coagulated  material. 

Inoculations  necessary  to  maintain  the  stock  of  seven  transplant- 
able rat  tumors  and  of  nine  transplantable  mouse  tumors  were  done 
as  usual.  Over  ten  thousand  animals  were  used  for  this  purpose. 

During  the  year  Mr.  Leonard  B.  Brabec  has  continued  the  inves- 
tigation to  determine  primarily  the  effect  of  large  dosages  of 
vitamin  A  on  the  growth  of  transplanted  tumors  in  rats.  This  inves- 
tigation has  also  included  the  effect  of  small  dosages  of  vitamin  A 
and  in  both  instances  comparisons  have  been  made  with  control 
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animals  on  a  vitamin  A-free  diet  alone.  The  control  animals  con- 
sist of  those  with  and  without  transplanted  tumors.  The  purpose, 
method,  and  procedure  were  outlined  in  the  report  presented  last 
year.  The  rats  have  received  dosages  of  carotene  from  ioo  to  5,000 
units,  and  in  the  majority  of  cases  so  far,  of  rats  inoculated  with  rat 
sarcoma  39  and  Flexner-Jobling  rat  carcinoma,  tumor  growth 
has  continued  in  both  the  control  and  experimental  animals.  Some 
evidence  points  to  an  accelerated  tumor  growth  in  those  animals 
receiving  large  dosages  of  vitamin  A  rather  than  to  an  inhibition 
of  growth,  as  found  by  Kuh  on  the  growth  of  tumors  in  mice.  Over 
150  animals  have  so  far  been  used  in  this  investigation  which  is 
being  continued  this  year. 

"The  Quantitative  Investigation  upon  the  Occurrence  of  Vita- 
min G  in  Rat  Sarcoma  39,  Including  a  Comparison  with  the 
Vitamin  G  Content  of  Liver  Tissue  from  the  Same  Animals,"  and 
previously  reported,  has  been  completed  and  published  in  the 
American  Journal  of  Cancer. 

The  results  showed  considerable  differences  in  the  vitamin  G  con- 
tent of  equal  weights  of  tumor  and  liver  from  rats  raised  on  a  diet 
consisting  of  two-thirds  whole  wheat,  one-third  whole  milk  pow- 
der plus  sodium  chloride  to  the  extent  of  2  per  cent  of  the  weight 
of  the  wheat.  The  vitamin  G  content  of  tumor  was  low,  being 
about  one-seventh  that  of  the  liver.  The  results  were  the  same 
whether  determined  by  the  average  total  gain  of  the  test  rats  in  five 
or  in  eight  weeks. 

While  liver  from  animals  with  growing  tumors  appeared  to  be 
somewhat  lower  in  vitamin  G  content  than  that  from  animals 
without  growing  tumors,  there  was  no  evidence  that  the  sarcoma 
actually  consumed  vitamin  G  in  the  body  of  the  host.  It  was  also 
shown  that  a  diet  deficient  in  vitamin  G  but  otherwise  adequate 
does  not  prevent  the  taking  and  growth  of  sarcoma  39. 

During  the  year  Dr.  Brabec  has  continued  the  work  on  the  gen- 
eral survey  of  the  literature  dealing  with  the  subject  of  "Vitamins 
and  Their  Relation  to  Cancer,"  the  purpose  of  which  is  to  make  a 
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more  or  less  critical  review  for  publication  in  the  American  Journal 
of  Cancer. 

The  investigation,  started  some  time  ago,  to  determine  the  rela- 
tionship of  age,  strain,  and  diet  to  the  growth  of  various  tumors  is 
being  continued. 

From  January  i,  1935,  to  January  1,  1936,  2,125  animals  have 
been  bred  in  the  laboratory,  and  raised  on  a  special  adequate  diet. 
These  animals  have  been  specially  numbered  and  their  complete 
life  history  carefully  recorded.  They  have  been  used  for  special  diet 
experiments,  and  some  have  been  furnished  to  other  workers  in  this 
laboratory  for  special  investigations  where  it  was  of  importance  to 
know  the  life  history  of  the  experimental  animals  used. 

Mr.  R.  V.  Ingram  has  spent  the  past  year  in  the  examination  of 
human  tissue,  malignant,  nonmalignant,  and  normal.  An  enumer- 
ation of  the  material  follows:  fibroma  of  the  uterus,  24  specimens; 
fibroadenoma,  2;  carcinoma  of  the  breast,  15;  carcinoma  of  the 
cecum,  1;  carcinoma  of  the  transverse  colon,  1;  carcinoma  of  the 
lung,  1;  carcinoma  of  the  liver,  3;  lymphosarcoma,  2;  sarcoma,  2; 
sarcoma  (congenital),  1;  myxosarcoma,  1;  melanoma,  1;  Hodg- 
kins  disease,  1;  leukemic  liver,  1;  normal  liver,  12;  normal  kidney, 
2;  normal  heart,  1;  normal  testes,  1;  normal  skin,  1;  and  small 
intestines,  1. 

Because  of  the  fact  that  experience  has  proved  that  different  tis- 
sues of  the  same  category  show  quite  wide  variations  in  their  metal- 
lic composition,  qualitatively,  an  interpretation  of  the  analysis  has 
been  attempted  only  on  those  materials  which  are  represented  with 
ten  or  more  specimens. 

In  carcinoma  of  the  breast,  lead,  aluminum,  and  zinc  appear 
with  regularity;  rubidium  and  manganese  in  the  majority  of  the 
specimens,  while  lithium,  strontium,  tin,  and  silver  are  present  less 
frequently.  Chromium  was  found  only  once.  In  fibroma  of  the 
uterus,  lead,  zinc,  and  rubidium  are  consistently  found.  In  about 
half  the  cases  strontium,  aluminum,  tin,  and  lithium  occur. 

In  normal  liver,  lead,  manganese,  aluminum,  zinc,  strontium  are 
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the  metals  which  occur  with  persistent  regularity.  Lithium,  stron- 
tium, and  silver  occur  less  often  and  chromium  and  nickel  were 
detected  still  less  frequently. 

In  this  discussion  the  following  elements  which  always  are  pres- 
ent are  not  included,  namely,  sodium,  potassium,  magnesium,  cal- 
cium, phosphorus,  copper,  and  iron. 

Numerous  spectrographic  analyses  for  lead  in  blood  have  been 
carried  out. 

During  the  past  year  further  studies  were  continued  by  Dr.  Jacob 
Heiman  on  the  benign  fibroadenoma  of  the  rat's  breast  in  relation 
to  endocrines.  Variations  were  noted  in  the  rate  of  growth,  in  the 
size  and  consistency  of  the  tumor,  differences  observed  in  the 
stroma  and  glandular  ratio,  and  morphologic  changes  studied. 
These  variations  seemed  associated  with  factors  related  to  the  age 
of  the  rat  at  the  time  of  tumor  inoculation,  to  sex,  and  to  pregnancy. 

Very  young  animals  which,  at  the  time  of  inoculation,  had  not 
yet  attained  sexual  maturity,  grew  dense  connective  tissue  tumors 
from  fibroadenomata.  In  young  females  these  tumors  change  their 
morphologic  characteristics  as  the  animals  age,  whereas  in  the  very 
young  a  preponderance  of  fibroblasts  occurs,  while  in  the  later 
stages  of  growth  the  glandular  component  of  the  tumor  increases. 

Adult  rats  in  general  show  a  glandular  hyperplasia  in  these  trans- 
planted neoplasms,  with  a  tendency  to  cyst  formation,  while  old 
females  develop  from  these  transplants,  cyst-adenomata  and  papil- 
lary cyst-adenomata. 

Castrated  males  showed  a  marked  increase  in  takes  up  to  80  per 
cent;  normal  males  30  per  cent;  normal  females  66  per  cent.  Nor- 
mal immune  males  showing  no  growths  six  months  after  tumor 
implantation  gave  70  per  cent  takes  after  castration  and  reinocula- 
tion.  The  growths  then  appeared  within  six  weeks.  Castrated 
females  showed  only  16  per  cent  of  growths.  Sterilization  of  the  rats 
with  X-ray  produced  no  changes  in  the  transplants. 

Gonadotropic,  estrogenic,  and  growth  hormones  were  injected 
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to  study  their  influence,  if  any,  upon  the  growing  transplants  in 
normal  and  spayed  rats  of  different  ages  and  sex.  Many  control 
animals  were  also  injected  and  microscopic  studies  made  of  the 
mammary  glands,  ovaries,  testes,  and  pituitary  glands.  The  breast 
hyperplasias  which  were  produced  were  studied  in  relation  to 
benign  tumor  development. 

Because  assays  showed  a  high  estrogenic  content  in  the  sponta- 
neous and  transplanted  tumors,  examinations  were  made  to  note 
if  constant  estrus  were  present. 

Similar  hormone  studies  were  made  on  old  female  rabbits.  Sex 
and  growth  hormones  were  injected  over  a  long  period,  and  the 
breast  hyperplasias  which  grew  to  noticeable  size  were  sectioned 
and  examined. 

Transplantations  of  these  hyperplastic  breasts  produced  in  rats 
and  rabbits  are  now  being  attempted,  with  one  successful  inocula- 
tion in  eighty  rats. 

The  Director,  Professor  Francis  C.  Wood,  in  addition  to  his 
routine  duties  as  administrator  of  the  Institute  and  the  tissue  cul- 
ture laboratory  at  St.  Luke's  Hospital,  continues  to  act  as  a  member 
of  the  Advisory  Board  of  the  International  Cancer  Research  Foun- 
dation, and  the  editor  of  the  American  Journal  of  Cancer,  contrib- 
uting to  the  latter  a  number  of  editorials  and  book  reviews.  He  has 
furnished  the  usual  article  on  cancer  for  the  Americana  Annual  and 
has  given  occasional  lectures  on  some  research  phase  of  cancer 
before  medical  bodies. 

Professor  Wood  has  been  elected  Vice-President  of  the  Inter- 
national Union  against  Cancer  which  was  organized  about  two 
years  ago  in  Paris  under  the  presidency  of  Senator  Justin  Godart, 
former  Minister  of  Health,  who  founded  in  19 17  the  French  Society 
for  the  Control  of  Cancer  and  was  its  president  for  a  number  of 
years. 

Professor  Wood  is  a  member  of  the  Executive  Committee  and  of 
the  Editorial  Board  of  the  Union's  Acta,  and  is  also  a  member  of 
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the  committee  of  the  Union  which  is  discussing  the  preparation 
of  an  Atlas  on  Cancer  in  which  it  is  proposed  to  figure  and 
describe  briefly  all  important  types  of  human  cancer  with  the  end 
that  the  confusion  in  nomenclature  which  now  exists  may  be 
removed,  and  the  characteristics  of  tumors  which,  owing  to  their 
rarity  are  infrequently  seen  by  those  in  charge  of  hospital  labora- 
tories, will  be  made  available  and  permit  of  some  estimation  of  the 
biological  properties  of  the  neoplasms  in  question.  There  is,  unfor- 
tunately, still  considerable  disagreement  as  to  the  types  of  tumors 
which  should  be  always  operated  upon,  if  such  operation  permits 
complete  eradication,  and  upon  those  types  which  should  always 
be  irradiated,  whether  operable  or  not.  Obviously,  in  the  rare  types 
only  a  world  experience  can  offer  sufficient  information  to  permit 
of  a  reasonable  judgment  on  these  matters,  drawn  from  micro- 
scopical and  clinical  study  of  the  growth.  Much  information  lies 
buried  in  publications  utterly  inaccessible  to  the  average  American 
pathologist  because  in  the  first  place  he  cannot  obtain  the  journals 
in  which  these  articles  are  published  and,  in  the  second,  if  he  did 
obtain  them,  he  could  not  read  the  language  in  which  they  are 
written.  It  is  to  remedy  just  this  situation,  in  which  information  of 
the  utmost  importance  to  every  patient  who  has  a  cancer  should  be 
made  available,  that  this  Atlas  is  being  compiled.  It  will  be  the  first 
time  in  the  history  of  medicine  that  an  international  collaboration 
for  the  purpose  of  defining  and  illustrating  the  different  types  of 
cancer  has  been  undertaken,  and  the  value  of  such  a  publication 
cannot  be  challenged. 

Professor  Wood  will  also  take  part  in  the  International  Cancer 
Congress  which  the  Union  will  hold  in  Brussels  in  September,  1936, 
and  will  open  the  program  on  the  subject  of  the  treatment  of  cancer 
by  radiation. 

The  American  Journal  of  Cancer  continues  to  grow  in  the  num- 
ber of  papers  and  abstracts  published  while  the  material  offered 
for  publication  has  greatly  increased  both  in  amount  and  quality. 
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It  could  not,  however,  exist  without  the  generous  support  of  the 
Chemical  Foundation,  which  meets  its  deficit. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors 
at  the  Institute  during  the  Summer  Session,  and  also  gave  his  annual 
talk  on  cancer  research  to  the  students  of  the  Medical  School. 

The  Institute  continues  to  furnish  a  large  number  of  tumor- 
bearing  animals  to  various  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the 

laboratory  staff  during  the  year  follows : 

Curtis,  Maynie  R.,  Wilhelmina  F.  Dunning,  and  Frederick  D.  Bullock,  "Dur- 
ation and  Extent  of  Irritation  versus  Genetic  Constitution  in  the  Etiology 
of  Malignant  Tumors."  American  Journal  of  Cancer,  XXI  (July,  1934), 

554-7°- 
Erlichman,  Eleanor,  "Human  Fibroblasts  Grown  for  a  Year  in  a  Medium  of 

Sheep  Plasma  and  Two  Solutions  of  Known  Composition."  American 

Journal  of  Cancer,  XXIV  (June,  1935),  393-96. 
Heiman,  Jacob,  "The  Study  of  Benign  Neoplasms  of  the  Rat's  Breast." 

American  Journal  of  Cancer,  XXII  (November,  1934),  497-524. 
Packard,  Charles,  "Biological  Dosimeters  in  Radiology."  Symposia  on  Quan- 
titative Biology,  II  (1934),  264. 
"Drosophila  Eggs  and  Radium  Dosimetry."  American  Journal  of 

Roentgenology  and  Radium  Therapy,  XXXIII  (March,  1935),  317-18. 
Vogelaar,  Johannes  P.  M.  and  Eleanor  Erlichman,  "Some  Remarks  on  the 

Growth  of  Human  Fibroblasts  in  Media  Containing  Copper."  American 

Journal  of  Cancer,  XXII  (September,  1934),  66-75. 
"The  Growth  of  Human  Fibroblasts  in  Media  Containing  Silver." 

American  Journal  of  Cancer,  XXII  (November,  1934),  555-60. 
Woglom,  William  H.,  "Body  Temperature  and  Tumor  Growth."  American 

Journal  of  Cancer,  XXI  (July,  1934),  604-605. 
Wood,  Francis  Carter,  "Experimental  Studies  on  Radiation."  New  Yor\ 

State  Journal  of  Medicine,  XXXIV  (November,  1934),  48-51. 

"Cancer."  Americana  Annual  (1934),  page  125. 

with  Benjamin  Rice  Shore,  "Five  Year  Cancer  Cures  at  St.  Luke's 

Hospital."  Surgery,  Gynecology  and  Obstetrics,  LX  (February,  1935), 

461-63. 

Respectfully  submitted, 

Francis  Carter  Wood, 
Director 
June  so,  1935 
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To  the  President  of  the  University 
Sir: 

I  have  the  honor  to  submit  the  twenty-third  annual  report  of  the 
Institute  of  Cancer  Research. 

For  many  years  the  fact  has  been  well  known  that  if  a  tumor  is 
grafted  into  a  mouse  or  rat  the  neoplasm  will  either  grow  progress- 
ively and  finally  destroy  the  animal  or,  after  a  certain  period,  cease 
to  develop  and  finally  disappear,  usually  leaving  the  animal  resistant 
to  further  grafts  of  the  same  tumor.  The  phenomenon  is  evidently 
due  to  some  slight  biological  difference  between  the  cells  of  the 
tumor  and  those  of  the  host.  The  latter  respond  to  this  difference 
by  the  production  of  a  substance  or  substances  which  destroy  the 
tumor.  This  phenomenon  does  not  occur  if  the  host  is  perfectly 
adapted  to  the  tumor,  which  is  the  case  with  primary  neoplasms 
either  developing  spontaneously  in  the  animal  or  following  the 
injection  of  carcinogenic  hydrocarbons. 

It  will  be  recalled  that  previous  reports  have  mentioned  the  efforts 
of  Professor  William  H.  Woglom  to  extract  from  albino  rats  in 
which  a  sarcoma  had  regressed  the  agent  responsible  for  its  disap- 
pearance. Sarcoma  39  was  employed  throughout  most  of  the  inves- 
tigation because  of  its  peculiar  suitability  for  the  task  in  hand.  A 
neoplasm  of  vigorous  growth,  it  is  at  the  same  time  one  which 
strongly  immunizes  its  host  and  therefore  recedes  in  a  fair  number 
of  animals,  thus  possessing  the  double  advantage  that  it  supplies 
resistant  animals  and  yet  furnishes  a  very  vigorous  cell  upon  which 
to  test  any  inhibiting  agent  that  might  be  obtained. 

In  order  to  extract  this  agent  from  the  resistant  animals  a  mash 
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of  tumor  cells  was  injected  under  the  skin,  allowed  to  remain  for  a 
few  days,  and  then  removed  in  the  expectation  that  the  inhibiting 
principle  would  have  been  drawn  thither  to  protect  the  animal  from 
their  growth.  After  removal  the  mass  was  ground  with  sand  in 
Locke's  solution.  The  extract  thus  prepared  was  tested  for  the 
presence  of  an  inhibiting  agent  by  incubating  fresh  tumor  cells  in 
it  at  body  temperature  for  several  hours  and  comparing  the  results 
of  their  inoculation  with  those  following  die  transplantation  of  cells 
exposed  to  a  control  extract  made  in  the  same  way  from  normal 
rats,  or  simply  to  Locke's  solution. 

The  chief  difficulty  encountered  was  a  variability  in  the  resistance 
of  this  tumor  to  heat,  for  one  of  three  results  was  achieved:  (i)  The 
cells  exposed  to  the  immune  extract  did  not  grow  at  all,  or  grew  but 
poorly,  after  transplantation  whereas  those  incubated  at  the  same 
time  in  control  fluids  grew  in  the  usual  manner.  This  was  the  desired 
and  expected  outcome.  (2)  None  of  the  tumor  cells  in  any  of  the 
preparations  grew.  Evidently  the  exposure  had  been  too  long  for  the 
tumor  cells  in  that  particular  phase  of  their  temperature  resistance. 
(3)  The  tumor  cells  in  all  the  preparations  grew.  Here  the  exposure 
had  been  too  short  for  the  immune  principle  to  exert  its  effect  and 
a  longer  one  could  and  should  have  been  given. 

However,  there  was  no  way  of  forecasting  the  permissible  length 
of  exposure  and  the  investigation  was  therefore  inordinately  pro- 
longed. Body  temperature  had  been  chosen  on  the  general  principle 
that  chemical  reactions  proceed  more  rapidly  at  higher  than  at 
lower  temperatures,  and  as  the  tumor  cell  will  not  live  indefinitely 
outside  the  body  it  was  necessary  that  this  period  of  separation  from 
its  natural  host  be  made  as  brief  as  possible.  Nevertheless,  long 
exposures  at  ice-box  temperature  were  tried,  but  they  failed,  and 
only  recently  has  the  difficulty  been  surmounted  by  a  variation  in 
the  technic  which  keeps  incubation  well  within  the  shortest  period 
tolerated  by  the  tumor  cell  and  still  provides  sufficient  time  for  the 
immune  principle  to  exert  an  inhibiting  or  lethal  action  upon  it. 
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Thus  the  preliminary  difficulties  mentioned  in  earlier  reports 
have  been  surmounted,  and  the  immune  substance  which  specifi- 
cally destroys  the  sarcoma  in  question  can  now  be  obtained  in  watery 
solution,  where  it  will  be  available  for  examination  and  some  day, 
it  may  be  hoped,  for  identification.  It  is  obvious  that  as  human  sar- 
comata do  not  disappear  spontaneously — an  evidence  that  the  body 
does  not  make  a  substance  antagonistic  to  its  own  tissues — these 
observations  could  only  have  been  made  by  the  use  of  transplanted 
tumors,  a  striking  example  of  the  advantages  of  the  employment  of 
animals  in  the  study  of  the  cancer  problem. 

The  main  cause  for  concern  at  present  is  the  difficulty  of  securing 
an  adequate  supply  of  immune  animals,  that  is  to  say,  of  animals  in 
which  a  tumor  has  receded.  None  of  the  many  procedures  tried  so 
far  has  been  of  any  avail  and  the  only  method  that  holds  out  any 
hope  at  present  is  the  lengthy  process  of  breeding  a  strain  of  rats  in 
which  regression  will  take  place  with  reasonable  frequency. 

Professor  Frederick  D.  Bullock  and  Drs.  Maynie  R.  Curtis  and 
Wilhelmina  F.  Dunning  have  completed  an  analysis  of  the  records 
on  the  tumor  incidence  in  rats  and  mice  injected  in  one  or  several 
loci  of  the  subcutaneous  tissues  with  a  i  per  cent  solution  or  suspen- 
sion of  i:2:5:6-dibenzanthracene  or  3 :4-benzpyrene  in  melted  par- 
affin wax.  Following  the  injections  the  animals  had  been  subjected 
to  weekly  examinations  and  all  with  palpable  tumors  were  isolated 
and  charted  at  weekly  intervals,  additional  tumors  being  also  re- 
corded, and  data  on  the  time  of  observation  of  the  tumors  being 
taken  as  the  tumors  appeared.  The  analysis  included  the  records  on 
486  rats  and  720  mice  which  had  been  injected  by  Dr.  Otto  F.  Kreh- 
biel  with  benzpyrene  and  202  rats  injected  with  dibenzanthracene. 
There  were  849  tumors  induced  in  348  rats  by  benzpyrene  and  76 
tumors  were  induced  in  44  rats  by  dibenzanthracene.  In  mice  1,018 
tumors  were  observed  in  657  tumor  bearers. 

From  the  analysis  of  the  records  it  was  found  that  2  mg.  of  dibenz- 
anthracene required  on  the  average  400  days  to  induce  a  tumor  in  a 
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rat  and  24  mg.,  or  the  largest  dose  used,  required  on  an  average 
only  half  of  that  time  or  200  days.  Two  milligrams  of  benzpyrene 
induced  a  tumor  in  a  rat  in  200  days  on  the  average  and  in  a  mouse 
in  106  days.  The  largest  dose  of  benzpyrene  used  for  a  rat,  i.e.,  24 
mg.,  required  an  average  of  100  days  to  induce  a  tumor  and  in  a 
mouse,  the  maximum  dose  of  4  mg.  induced  the  tumors  in  102  days 
on  the  average. 

For  dibenzanthracene  in  rats  and  for  benzpyrene  in  both  species 
a  general  decrease  in  average  time  before  the  onset  of  the  malignant 
process  was  observed  with  an  increase  in  dose.  With  doses  between 
16  and  24  mg.  there  was  little  difference  noted  in  the  average  time 
from  injection  of  the  chemical  to  the  appearance  of  the  tumor  in  a 
rat,  indicating  that  there  is  a  limit  beyond  which  an  increase  in  dose 
will  not  materially  afTect  the  average  time  of  occurence  of  the  tu- 
mors. In  a  mouse  1  to  4  mg.  of  benzpyrene  was  equivalent  to  the 
maximum  doses  or  16  to  24  mg.  in  a  rat  in  the  average  time  required 
to  induce  a  tumor.  Two  milligrams  of  benzpyrene  required  on  the 
average  twice  as  long  to  produce  a  tumor  in  a  rat  as  in  a  mouse.  The 
explanation  of  this  difference  is  not  at  present  obvious.  Since  in  the 
mouse  2  mg.  of  benzpyrene  represents  a  larger  dose  per  body  weight 
than  in  the  rat,  it  may  therefore  produce  a  greater  general  effect  or 
possibly  in  the  mouse  more  cells  were  directly  exposed  to  the  irri- 
tant, or  the  speed  of  reaction  of  mouse  cells  may  be  greater  than  that 
of  rat  cells. 

For  each  dose  there  was  considerable  variation  in  the  time  within 
which  the  tumors  were  observed  and  the  smaller  the  dose  the  greater 
was  this  variation.  A  decrease  in  the  variability  as  well  as  a  decrease 
in  mean  time  would  be  expected  with  an  increase  in  the  surface  area 
of  the  tissue  exposed  to  the  irritant  if  some  process  analogous  to 
somatic  mutation  determined  the  onset  of  malignancy. 

The  analysis  showed  further  that  it  was  the  dose  of  dibenzanthra- 
cene or  benzpyrene  which  determined  the  probability  that  an  indi- 
vidual would  develop  a  tumor;  that  is,  the  more  foci  of  irritation 
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an  animal  received  the  more  likely  it  was  to  have  a  tumor.  The  prob- 
ability that  an  individual  would  develop  a  tumor  was  not  influenced 
by  its  age,  sex,  or  genetic  constitution.  The  rats  used  for  the  experi- 
ment were  derived  from  six  inbred  strains  and  the  mice  from  five 
inbred  strains  and  a  group  of  Ft  and  backcrossed  hybrids  which  dif- 
fered in  visible  genetic  characters  as  well  as  spontaneous  tumor  his- 
tory. Since  97  per  cent  of  all  the  mice  and  95  per  cent  of  all  the  rats 
which  survived  the  mean  period  from  injection  to  the  observation 
of  the  tumors  were  tumor  bearers  it  was  concluded  that  the  genetic 
constitution  of  the  host  played  no  part  in  determining  whether  or 
not  it  developed  a  tumor. 

The  average  time,  however,  from  injection  to  the  observation  of 
a  tumor  differed  in  some  strains  of  rats  and  mice  and  in  both  species 
was  slightly  longer  in  young  hosts.  In  both  rats  and  mice  multiple 
benzpyrene  tumors  showed  a  random  distribution  in  the  injected 
loci  and  there  was  no  association  between  the  rate  of  growth  of  tu- 
mors growing  simultaneously  in  the  same  host.  The  multiple 
primary  tumors  varied  in  their  physiological  requirements  for 
growth  and  were  often  of  dissimilar  morphology  and  histogenesis. 

Tumors  were  induced  in  one  or  more  of  the  several  tissues  which 
came  in  contact  with  the  irritant,  namely,  connective  tissue,  muscle, 
squamous  and  glandular  epithelium,  adipose  tissue,  and  vascular 
endothelium  and  each  of  the  types  of  tumor  was  distributed  at  ran- 
dom in  the  bearers  of  multiple  tumors.  From  the  study  of  the  tumors 
induced  by  these  pure  chemicals  as  well  as  those  induced  by  Taenia 
larvae  it  would  seem  that  the  potency  for  malignancy  must  be  a  uni- 
versal cell  characteristic  and  that  the  histogenesis  of  these  tumors 
was  determined  by  the  fortuitous  exposure  to  the  irritant  of  the  vari- 
ous types  of  cells. 

Professor  Bullock  and  Drs.  Curtis  and  Dunning  have  continued 
their  study  of  the  etiology  of  Cysticercus  sarcoma  of  the  rat's  liver 
and  have  succeeded  in  freeing  the  Taenia  larva  of  its  shell  under 
sterile  conditions  by  using  as  the  digestive  agent  either  fresh  minced 
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rat's  pancreas  or  commercial  pancreas  extract  to  which  desiccated  ox 
bile  was  added,  after  treating  them  for  five  minutes  or  more  with 
hexylresorcinol,  either  full  strength  or  a  1-2  dilution.  The  Taenia 
eggs  were  previously  sterilized  with  this  solution  washed  in  sterile 
water  and  the  shells  of  the  sterile  eggs  were  digested  off  with  the 
hexylresorcinol  pancreas  liver  extract  after  diluting  1-9  with  sterile 
water.  This  strength  of  hexylresorcinol  apparently  has  no  detri- 
mental effect  on  the  larvae  after  they  are  rid  of  their  shells  and  full 
strength  hexylresorcinol  is  an  excellent  and  innocuous  extractive 
of  the  enzyme  which  digests  the  shells. 

Unfortunately,  the  free  sterile  larvae  rarely  developed  in  the  lungs 
after  they  were  injected  into  the  tail  veins  of  rats  and  no  larval 
growth  occurred  when  the  injections  were  made  directly  into  the 
subcutaneous  tissues,  peritoneal  cavities,  or  livers  of  rats.  Similar 
results  were  obtained  in  rats  by  intravenous,  subcutaneous,  or  intra- 
peritoneal injections  of  oncospheres  which  were  set  free  by  digesting 
in  vitro  the  shells  of  non-sterile  eggs.  On  the  contrary,  subcutaneous 
injections  into  rats  of  finely  divided  liver  tissue  of  rats  fed  twenty- 
four  to  seventy-two  hours  previously  with  massive  doses  of  Taenia 
eggs  usually  resulted  in  a  number  of  growing,  encysted  larvae.  A 
satisfactory  explanation  has  not  yet  been  found  for  the  failure  of  the 
experimentally  liberated  oncospheres  to  grow  in  the  tissues  or  lung 
capillaries  of  rats. 

In  collaboration  with  Dr.  R.  J.  Anderson,  Professor  of  Chemistry 
at  Yale  University,  these  investigators  are  testing  chemical  fractions 
isolated  from  dried  Taenia  larvae  in  an  attempt  to  find  the  carcino- 
genic agent  responsible  for  the  Cysticercus  tumors. 

The  chief  experimental  work  of  Professor  Charles  Packard  during 
the  past  year  has  been  concerned  with  the  biological  measurement 
of  the  intensities  of  Roentgen  rays  in  a  suitable  container  filled  with 
water.  This  so-called  "phantom"  has  been  for  many  years  employed 
for  such  measurements  of  the  absorption  of  X-rays  as  they  pene- 
trate into  the  depths  of  the  water,  as  this  fluid  resembles  closely 
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enough  in  its  physical  properties  the  absorption  of  the  soft  tissues 
of  the  body.  Paraffin  wax,  while  more  convenient  for  use,  differs 
considerably  in  its  physical  properties  from  the  soft  tissues  and  hence 
cannot  be  used  for  accurate  work.  Tests  with  Drosophila  eggs  had 
already  shown  that  the  commonly  accepted  depth  dose  data  are  in- 
correct for  regions  close  to  the  surface  of  the  fluid.  The  further 
tests  recently  made  confirm  this  conclusion,  and  show  in  addition 
that  throughout  this  region,  from  the  center  of  the  irradiated  area 
almost  to  its  edge,  the  intensities  are  significantly  greater  than  those 
registered  by  commercial  dosimeters.  A  large  part  of  this  radiation 
is  in  the  form  of  scattered  rays.  This  can  be  measured  directly  by 
excluding  from  the  eggs  all  direct  radiation  by  means  of  a  small 
lead  screen.  The  amount  of  scatter  is  found  to  be  exactly  equal  to  the 
total  amount  of  the  radiation  minus  the  direct  radiation  whose  in- 
tensity at  any  level  can  be  calculated  from  physical  tables  or  better 
determined  by  the  exposure  of  Drosophila  eggs  supported  in  the  an- 
on a  thin  layer  of  cellophane,  thus  avoiding  all  scatter  since  the  in- 
verse square  law  is  not  accurately  followed  in  X-rays  from  a  com- 
mercial tube. 

In  addition,  several  small  problems  were  investigated,  among 
them:  (i)  Experiments  to  determine  whether  flies  hatching  from 
eggs  which  survived  a  heavy  dose  produce  eggs  which  are  more 
resistant  than  the  preceding  generation.  No  difference  in  sensitive- 
ness could  be  detected,  but  there  is  not  yet  enough  evidence  on  this 
point  to  warrant  final  statements.  (2)  Measurement  of  the  intensity 
of  gamma  rays  from  two  placques  used  in  therapy.  The  results  ob- 
tained were  not  satisfactory  as  regards  accuracy  because  of  the  diffi- 
culty in  keeping  different  samples  of  eggs  at  precisely  the  same 
distance  from  the  active  center  of  the  applicators.  The  energy  from 
such  an  applicator  is  low  so  the  eggs  must  be  placed  close  to  the  sur- 
face in  order  to  obtain  a  sufficient  dose  for  proper  measurement, 
hence  a  difference  in  distance  of  even  a  millimeter  would  give  dis- 
cordant readings.  (3)  The  determination  of  the  course  of  the  sur- 
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vival  curve  of  Drosophila  eggs  when  heat  is  used  as  a  lethal  agent. 
According  to  some  adherents  of  the  quantum  theory,  the  curve 
should  have  a  shape  different  from  that  found  when  X-rays  are  used. 
Experimental  difficulties  made  this  problem  unsatisfactory.  From 
a  small  amount  of  evidence  it  seems  probable  that  die  two  survival 
curves  have  the  same  course,  and  that,  therefore,  the  quantum  size 
is  not  the  determining  factor. 

Those  who  are  familiar  with  the  report  of  this  Institute  for  the 
year  1934  will  remember  that  considerable  space  was  given  to  the 
description  of  an  elaborate  X-ray  apparatus  based  upon  a  new  device 
for  producing  high  voltages.  The  machine  is  now  functioning  with 
a  high  degree  of  efficiency  with  a  maximum  voltage  so  far  obtained 
of  some  1,200,000  volts.  Professor  Packard  and  Messrs.  Exner  and 
Coates  have  begun  the  experimental  work  for  which  the  machine 
was  intended,  and  have  already  made  a  good  many  observations 
which  fully  justify  the  construction  of  die  apparatus,  for  they  find 
that  the  assumptions  which  have  been  made  by  many  writers  on 
the  subject  of  high  voltage  are  not  borne  out  by  observations  with 
that  voltage.  Later,  when  certain  measurements  have  been  com- 
pleted, a  selected  group  of  patients  will  be  treated  to  observe  the 
clinical  effects  of  this  short  wave  lengdi  radiation. 

Dr.  Otto  F.  Krehbiel  has  continued  his  study  of  the  tumoricidal 
action  of  certain  lead  preparations  submitted  by  Dr.  William  H. 
Kraemer,  Director  of  the  Elizabeth  Storck  Kraemer  Memorial 
Fund,  Jefferson  Hospital,  Philadelphia,  Pennsylvania.  The  com- 
pounds to  be  tested  are  injected  intravenously  into  rats  bearing  cer- 
tain transplanted  tumors.  In  these  preparations  the  du  Pont  chemists 
had  added  iron  to  the  colloidal  lead  solution.  One  preparation  con- 
tained lead  phosphate  and  iron,  another  lead  phosphate,  manganese, 
and  ferric  ammonium  citrate,  and  a  third  lead  phosphate  and 
sodium  iron  chlorophyllin.  When  injected  intravenously,  all  these 
solutions  produced  more  or  less  hemorrhage  in  rat  sarcoma  39  but 
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still  failed  to  inhibit  completely  the  growth  of  the  tumor.  It  was 
evident  that  the  combination  of  lead,  manganese,  and  ferric  am- 
monium citrate  was  somewhat  less  toxic  to  rats  and  caused  more 
hemorrhage  in  the  tumors  than  the  other  solutions.  Dr.  Kraemer 
then  used  this  preparation  on  human  patients  and  considers  its 
action  preferable  to  that  of  lead  and  manganese  without  iron. 

A  soluble  crystalline  substance  and  a  dark-colored  solution,  both 
of  unrevealed  composition,  which  Dr.  Kraemer  had  obtained  from 
Dr.  Atzler  of  Dortmund,  were  also  administered  to  tumor-bearing 
rats  and  mice.  Injections  were  made  into  the  tumor  itself,  subcutan- 
eously  in  close  proximity  to  the  tumor  and  at  a  distance  therefrom. 
The  results  were  entirely  negative. 

At  the  request  of  Dr.  H.  A.  McDonald  of  Quebec,  mice  bearing 
tumor  1 80  were  treated  widi  subcutaneous  injections  of  kerosene. 
Kerosene  was  also  given  under  the  skin  to  normal  mice  and  later, 
at  varying  intervals,  these  mice  were  inoculated  with  180.  The 
growth  of  the  tumors  of  the  first  group  was  not  inhibited  and  the 
grafts  in  the  second  group  grew  as  rapidly  as  those  of  the  controls. 
Ensol,  prepared  from  the  substance  of  the  Flexner-Jobling  rat  car- 
cinoma, was  injected  intra-muscularly  and  subcutaneously  into  rats 
bearing  this  tumor,  but  the  result  was  entirely  negative. 

At  the  request  of  Drs.  Bullock,  Curtis,  and  Dunning,  3 :4-benz- 
pyrene  and  1  \i  15 :6-dibenzanthracene  suspended  in  melted  paraffin 
wax  with  a  fusion  point  of  about  no°  C,  were  introduced  under  the 
skin  of  981  mice  and  1,120  rats. 

Five  tumors  developed  in  the  guinea  pigs  which  had  received 
subcutaneous  injections  of  3 :4-benzpyrene  in  lard.  Four  of  these 
proved  to  be  liposarcomas  and  were  described  by  Dr.  Haagensen  in 
an  article  in  the  American  Journal  of  Cancer. 

Three  hundred  rats  and  300  mice  were  injected  subcutaneously 
with  benzpyrene  in  lard  in  order  to  have  tumors,  induced  by  this 
hydrocarbon,  on  hand. 
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To  maintain  die  routine  stock  of  the  standard  transplantable  rat 
and  mouse  tumors,  of  which  some  twenty  are  kept  constantly  under 
cultivation,  3,557  rats  and  5,890  mice  were  inoculated. 

Dr.  Johannes  P.  M.  Vogelaar  has  been  continuing  his  studies  in 
the  tissue-culture  laboratory  at  Saint  Luke's  Hospital  on  the  influ- 
ence of  3 :4-benzpyrene  on  the  growth  of  animal  tissue  in  culture, 
and  it  has  been  found  possible  to  grow  tissue  over  a  period  of  three 
months  in  the  presence  of  benzpyrene.  There  have  been  no  indica- 
tions that  normal  cells  change  into  malignant  cells  under  influence 
of  the  carcinogenic  agent  during  this  period,  although  the  latter 
was  present  in  a  concentration  higher  than  in  the  subcutaneous  tis- 
sue of  mice  who  developed  sarcoma  with  the  same  colloidal  benz- 
pyrene solution  as  used  in  the  culture  medium.  The  subcultures, 
which  were  made  at  regular  intervals,  showed  signs  of  degeneration 
which  may  have  been  caused  by  the  direct  action  of  the  benzpyrene 
or  more  probably  by  traces  of  alcohol  used  as  a  solvent  for  the  benz- 
pyrene and  carried  over  in  the  culture  medium,  since  it  has  been 
found  that  the  latter  is  not  wholly  harmless  to  the  delicate  growing 
cells.  From  the  foregoing  it  follows  that  normal  cells  of  the  albino 
mouse  do  not  change  into  malignant  cells  in  vitro  within  a  period 
in  which  such  changes  may  take  place  in  the  healthy  animal,  assum- 
ing, of  course,  that  it  is  possible  to  recognize  such  a  change  under 
the  microscope.  To  be  more  certain,  however,  the  cultures  after 
about  seventy-five  days  were  injected  into  the  peritoneal  cavity  of 
healthy  mice.  As  no  tumors  grew  in  these  mice  there  were  obviously 
no  sarcoma  cells  in  the  culture.  The  experiments  will  therefore  be 
continued  with  longer  exposures. 

That  carcinogenic  agents  do  not  necessarily  injure  the  tissue  cells 
was  proved  by  the  fact  that  when  splenic  tissue  of  the  adult  mouse 
was  placed  in  intimate  contact  with  crystals  of  methylcholanthrene, 
in  die  usual  culture  medium,  the  outgrowing  fibroblasts  frequently 
used  these  crystals  as  a  support  for  their  growth.  Long  chains  of 
fibroblasts  could  be  seen  in  very  intimate  contact  with  the  methyl- 
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cholanthrene.  Macrophages  moved  around  the  needles  for  many 
days,  apparently  not  affected  by  the  material.  The  tissue  new  growth 
had  a  healthy  appearance.  The  experiments  with  the  methylcholan- 
threne  will  be  continued  over  a  longer  period  of  time,  since  there  is 
no  reason  to  doubt  that  the  experimental  conditions  seem  to  be 
ideal  for  any  change  of  fibroblasts  into  malignant  cells  in  case  such 
a  change  should  take  place. 

Extensive  series  of  experiments  were  performed  in  order  to  study 
the  possibility  of  improving  the  culture  medium  for  human  fibro- 
blasts by  replacing  Witte  peptone  used  by  protein  digestion  prod- 
ucts. It  was  found  that  they  exert  a  favorable  influence  on  the 
growth.  The  cells  grow  vigorously  and  have  a  very  healthy  appear- 
ance. In  this  respect  the  results  obtained  are  in  full  accord  with  those 
of  Carrel  and  Baker  who  used  protein  digestion  products  as  a  stim- 
ulant for  embryonic  chick  tissue.  Since,  however,  the  growth  of 
the  cultures  was  not  more  vigorous  than  in  the  control  medium 
containing  Witte  peptone,  there  is  no  reason  for  replacing  the  latter. 
This  seems  less  necessary,  since  the  chemical  composition  of  the 
various  fibrin  digestion  products,  which  were  mainly  studied,  is 
practically  unknown.  This  is  also  true  of  Witte  peptone  even  when 
the  total  nitrogen  and  amino  nitrogen  content  is  known.  This  line 
of  investigation  was  therefore  discontinued  and  new  experiments 
were  begun  in  order  to  determine  whether  the  Witte  peptone  could 
be  replaced  by  amino  acids  and  polypeptids  of  known  composition. 

The  opinions  concerning  the  usefulness  of  the  amino  acids  for 
the  growth  of  tissues  in  vitro  are  contradictory.  They  generally  are 
regarded  as  toxic  and  useless  for  growth.  Experiments  done  mainly 
by  Carrel  and  co-workers,  however,  point  somewhat  in  the  opposite 
direction.  Numerous  experiments  have  been  performed  in  the  lab- 
oratory at  Saint  Luke's  Hospital  with  glycine  and  interesting  results 
have  been  obtained.  It  was  found  that,  under  certain  conditions, 
glycine  has  a  most  pronounced  inhibitive  action  on  the  growth  of 
tissues  in  culture  and  possibly  may  even  kill  them,  whereas,  under 
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other  conditions,  tissue  has  been  grown  over  a  period  of  two  months 
with  the  same  concentration  of  glycine.  These  facts  are  interesting 
in  connection  with  experiments  done  by  others,  in  recent  years,  on 
the  influence  of  amino  acids  on  the  growth  of  tumors  in  vivo.  There 
is  a  strong  indication  that  amino  acids,  under  certain  conditions, 
could  effectively  be  used  to  inhibit  tissue  growth  in  vivo. 

An  extensive  investigation  of  the  action  of  various  amino  acids  on 
the  growth  of  human  tissue  in  vitro  evidently  should  be  made.  It  is 
not  improbable  that  cells  could  be  fed  on  a  medium  containing 
amino  acids  as  the  sole  source  of  nitrogen.  This  has  recently  been 
proved  possible  for  small  animals  by  Rose  and  co-workers  who  used 
a  mixture  of  no  less  than  twenty  amino  acids.  Only  experiments 
with  human  tissue  cultures  can  answer  definitely  the  question  which 
amino  acids  are  necessary  and  what  role  is  played  by  each  in  cell 
metabolism. 

It  was  found  recently  by  Dr.  Lillian  E.  Baker  of  the  Rockefeller 
Institute  that  a  culture  medium,  developed  in  this  laboratory,  could 
be  improved  to  a  marked  extent  by  the  addition  of  Vitamins  A,  C, 
and  D,  glutathione,  iodine,  and  serum.  This  addition  increased 
the  growth  of  animal  tissue  no  less  than  two  to  three  times.  Cultures 
were  grown  over  a  period  of  six  weeks  without  showing  any  deteri- 
oration or  decrease  in  growth  rate.  However,  it  should  be  remem- 
bered that  we  have  grown  human  fibroblasts  in  the  unchanged 
medium  over  a  much  longer  period,  namely,  a  whole  year.  Whether 
the  addition  of  the  above-mentioned  substances  will  actually  im- 
prove the  culture  medium  for  the  growth  of  human  fibroblasts  as 
much  as  for  animal  tissue  remains  to  be  proved.  Many  years  ago 
Dr.  Vogelaar  tried  to  improve  the  culture  medium  by  the  addition 
of  various  vitamins  in  the  form  of  yeast  extract  and  various  plant 
extracts.  It  was  found  then  that  this  addition  proved  very  beneficial 
for  the  growth  of  chicken  fibroblasts,  but  corresponding  experi- 
ments did  not  show  the  same  benefit  for  cultures  of  human  fibro- 
blasts. Recently,  a  series  of  experiments  has  been  started  in  order 
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to  find  out  whether  the  addition  of  Vitamin  C  is  beneficial  for  the 
growth  of  human  fibroblasts,  for  it  is  obvious  from  all  the  above 
that  cells  from  different  organs  of  the  same  species  and  the  cells  of 
the  same  type  from  different  species  may  require  special  modifica- 
tions of  the  culture  medium  for  an  optimum  growth. 

During  the  year  tests  were  made  with  human  fibroblasts  in  cul- 
ture to  determine  the  lethal  dose  for  X-ray.  Doses  varying  from  7,000 
r  units  to  15,000  r  units  were  given  to  the  cultures  which  were  sub- 
cultured  either  directly  after  the  treatment  or  one  or  two  weeks 
later.  All  subcultures  showed  a  decreased  activity  and  no  growth 
has  been  obtained  over  a  period  longer  than  one  month;  hence 
7,000  r  may  be  considered  as  a  lethal  amount  of  X-ray  for  human 
fibroblasts  growing  in  culture.  Some  well-known  but  interesting 
changes  in  the  cells  were  observed,  few  fibroblasts  showing  a  pro- 
nounced vacuolization  of  the  protoplasm  within  one  or  two  days 
after  the  treatment.  Many  cells  are  enlarged  in  size,  show  abnormal 
forms,  and  have  a  tendency  to  sever  their  connection  with  other 
cells.  The  nuclei  of  most  of  the  cells  show  pronounced  changes  in 
form  and  size  and  mitoses  were  no  longer  present.  It  is  an  interest- 
ing fact  that  the  tissue  treated  with  15,000  r  units  still  may  grow 
and  spread  out  vigorously  for  a  number  of  days,  a  fact  noted  by 
Price-Jones  and  Mottram  in  1914. 

Dr.  Cushman  D.  Haagensen,  in  collaboration  with  Dr.  Otto  F. 
Krehbiel,  has  continued  the  histological  study  of  tumors  produced 
by  means  of  subcutaneous  injections  of  1  \i  15 :6-dibenzanthracene 
and  3:4-benzpyrene.  They  have  found  that  when  these  substances 
are  injected  subcutaneously  into  guinea  pigs  a  comparatively  high 
proportion  of  the  tumors  produced  are  liposarcomas,  and  they  have 
reported  a  series  of  these  tumors.  Thus  it  appears  that  these  hydro- 
carbons have  such  a  great  power  of  inducing  cancer  that  they  can 
produce  it  even  in  an  inactive  tissue  like  fat,  a  structure  in  which 
sarcoma  very  rarely  appears  in  man  but  which  is  apparently  possible 
in  a  guinea  pig,  for  a  spontaneous  liposarcoma  was  described  years 
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ago  by  Dr.  Murray  of  the  Imperial  Cancer  Research  Fund  of  Lon- 
don. 

Dr.  Haagensen  is  repeating  on  a  large  scale  Lacassagne's  experi- 
ment of  administering  large  doses  of  the  female  sex  hormone  to 
mice  (Compt.  rend.  acad.  d.  sc.  195:630,  1932).  Through  the  kind- 
ness of  N.  Dobrovolskaia-Zavadskaia  it  has  been  possible  to  secure 
the  strain  of  French  mice  which  were  used  in  the  original  experi- 
ment, and  Professor  Girard  has  kindly  furnished  a  supply  of  the 
theelin  benzoate  in  oil  prepared  in  the  same  manner  as  that  which 
he  furnished  to  Lacassagne  for  die  original  experiment.  The  work 
is  therefore  being  repeated  under  conditions  identical  with  those 
of  the  original  experiment.  In  addition  to  the  strain  of  French  mice, 
Dr.  Haagensen  is  also  injecting  with  this  hormone  the  Marsh  strain 
of  mice  in  which  about  30  per  cent  of  the  females  develop  mammary 
cancer,  and  the  C57  strain  in  which  mammary  cancer  develops  but 
very  rarely.  The  experiment  is  still  in  its  early  stages,  but  thus  far 
twenty-two  males  of  the  French  strain  have  developed  mammary 
carcinoma  as  a  result  of  the  hormone  injection,  while  none  of  the 
males  of  the  Marsh  strain  have  developed  the  disease.  That  there  is 
a  genetic  difference  in  the  reaction  of  these  different  strains  of  mice 
to  stimulation  of  the  breast  tissue  by  means  of  the  female  sex  hor- 
mone would  be  the  easiest  assumption  in  explanation,  but  there 
happen  to  be  no  facts  to  support  it. 

The  influence  of  sex  hormones  from  die  ovary  and  pituitary  and 
growth  hormone  from  pituitary  on  the  origin  and  development  of 
benign  tumors  of  the  rat's  breast  as  mentioned  in  the  report  for  1933 
is  still  being  studied  by  Dr.  Jacob  Heiman.  Benign  fibroadenomata 
which  were  produced  in  the  mammary  glands  of  rats  by  the  subcu- 
taneous injection  of  pituitary  and  ovarian  hormones  are  being  trans- 
planted for  further  observation.  The  fifth  generation  of  this  tumor 
is  now  growing  in  animals  of  various  ages.  It  will  be  recalled  that 
in  an  earlier  piece  of  research  by  Dr.  Heiman  some  spontaneously 
occurring  fibroadenomata  ultimately  became  sarcomatous  after  re- 
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peated  transplantations.  Possibly  the  artificial  tumors  will  do  like- 
wise. A  follicular  hormone  dissolved  in  the  oily  medium  of  greater 
concentration  than  heretofore  used  in  producing  cystadenomata  in 
a  higher  percentage  of  female  rats  and  within  a  briefer  latent  period 
than  when  aqueous  solution  was  injected.  This  is  probably  due  to 
the  slower  excretion  of  the  hormone.  The  effect  of  the  injected  hor- 
mone on  animals  with  spontaneous  fibroadenomata  is  also  being 
observed. 

Sections  of  ovaries,  testes,  pituitary  glands,  and  skin  taken  from 
tumor-bearing  animals  and  normal  animals,  divided  into  injected 
and  uninjected  groups,  are  being  compared  to  see  whether  visible 
alterations  occur  in  these  organs.  The  pituitaries  do  show  the 
changes  which  Dr.  William  Cramer  has  described. 

A  spontaneous  cystadenoma  which  developed  in  the  breast  of  an 
old  female  rabbit  was  removed,  sectioned,  and  transplanted  in  four 
female  rabbits  varying  in  age  from  one  to  five  years  but  did  not  grow. 
This  spontaneous  tumor  is  being  compared  with  two  tumors  pro- 
duced in  female  rabbits  by  injections  of  antuitrin  G,  antuitrin  S, 
and  theelin.  Some  of  the  results  of  this  artificial  production  of  tu- 
mors by  substances  normally  present  in  the  body  will  be  presented 
at  the  International  Cancer  Congress  in  Brussels  in  September, 
1936. 

Dr.  Leonard  B.  Brabec  has  continued  his  work  on  the  attempt  to 
produce  hepatic  carcinoma  by  feeding  with  o-amino-azo-tolulol. 
This  work  was  begun  in  September,  1935,  but  is  not  yet  completed. 
So  far  no  hepatic  cirrhosis  and  hence  no  carcinomas  have  been  seen. 

Care  was  taken  to  repeat  as  accurately  as  possible  the  technic  of 
T.  Yoshida  and  T.  Iikubo  who  had  obtained  transplantable  liver 
tumors.  The  original  publications  of  these  investigators  contained 
little  information  about  the  preparation  of  the  diet,  or  die  purity  of 
the  o-amino-azo-tolulol  used.  However,  the  experiment  was  started 
without  complete  information.  Rats  were  fed  with  unpolished  rice 
which  had  not  been  ground  or  broken  up.  The  2-amino-5-azo- 
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toluene  was  dissolved  in  warm  olive  oil  and  mixed  with  the  rice. 
The  chemical  was  obtained  from  the  Eastman  Kodak  Company, 
and  is  listed  in  their  catalogue  as  a  technical  substance  having  a 
melting  point  range  of  93  °  to  97  °  C.  This  mixture  was  supple- 
mented with  green  food  such  as  lettuce  or  spinach. 

Later,  as  the  original  work  had  been  done  using  coarsely  ground 
unpolished  rice,  this  was  then  used  for  a  time  but  was  difficult  to 
obtain  so  the  rice  diet  was  given  up  and  the  modified  Sherman  diet 
mixed  with  the  2-amino-5-azo-toluene,  was  fed.  Prior  to  this  the 
modified  Sherman  diet  mixture  had  been  used  with  several  lots  of 
Sherman  rats  because  the  rice  diet  was  inadequate  for  growth  and 
maintenance  as  shown  by  the  weight  curves  of  the  animals.  In  fact, 
many  of  the  animals  died  from  starvation,  and  the  pathological 
symptoms  also  indicated  vitamin  deficiency.  In  April,  1936,  we 
learned  that  Yoshida  had  fed  his  rats  unpolished  rice,  without  the 
husk,  and  also  vegetables. 

Yoshida  made  mention  of  the  fact  that  the  o-amino-azo-toluol 
was  toxic  to  some  of  the  animals  and  the  experiment  should  there- 
fore be  conducted  with  large  numbers.  It  has  been  found  that  the 
2-amino-5-azo-toluol  when  mixed  with  the  modified  Sherman  diet 
is  not  toxic.  The  weights  of  the  animals  fed  this  mixture  remained 
about  constant,  and  the  animals  were  able  to  produce  young,  thus 
indicating  a  fairly  healthy  condition  of  the  animals  from  the  diet 
standpoint.  The  animals  fed  the  rice  mixture  showed  steadily  de- 
creasing curves,  and  were  unable  to  produce  young.  They  also 
showed  toxic  effects  from  the  2-amino-5-azo-toluene.  The  liver  tis- 
sue from  these  two  groups  showed  marked  fatty  degeneration  in 
the  animals  fed  the  rice  mixture. 

The  2-amino-5-azo-toluene  used  has  a  fairly  narrow  melting  point 
range  which  indicates  that  it  is  a  fairly  pure  material.  The  substance 
has  not  been  analyzed,  therefore  whether  it  may  contain  traces  of 
impurities  or  the  extent  to  which  these  may  be  present,  is  not  known. 
Yoshida  has  recently  informed  me  that  he  used  a  crude  preparation 
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obtained  from  the  Schuckert  firm  in  Germany  and  recrystallized 
from  alcohol.  The  fact  that  no  tumors  nor  even  a  single  example 
of  cirrhosis  of  the  liver  which  precedes  the  tumor  were  obtained  in 
this  laboratory  is  an  excellent  illustration  of  the  care  with  which 
all  such  problems  must  be  approached. 

Approximately  three  hundred  animals  have  so  far  been  used  in 
this  problem.  These  have  been  a  pure  strain  of  Sherman  rats  bred 
in  this  laboratory,  with  ages  definitely  known.  The  Sherman  rats 
have  all  been  raised  under  standardized  conditions  which  is  a  neces- 
sary factor  in  all  dietary  research  problems,  if  the  results  are  to  be 
reliable  or  of  any  value.  It  is  quite  possible  that  the  results  obtained 
by  Yoshida  are  due  to  a  trace  of  some  highly  carcinogenic  product 
in  the  azo-toluol  used  in  his  laboratory;  certainly  die  rats  or  the 
diet  cannot  be  held  responsible  for  our  failure. 

During  the  year  the  investigation  to  determine  the  effect  of  large 
dosages  of  Vitamin  A  on  the  growth  of  transplanted  tumors  in  rats 
has  been  continued.  This  investigation  has  also  included  the  effect 
of  small  dosages  of  Vitamin  A  and  in  both  instances  comparisons 
have  been  made  with  control  animals  on  a  Vitamin  A-free  diet 
alone.  The  control  animals  consist  of  those  with  and  without  trans- 
planted tumors.  The  purpose,  method,  and  procedure  were  outlined 
in  previous  reports.  The  rats  have  received  dosages  of  carotene  from 
ioo  to  5,000  units,  and  in  the  majority  of  cases  so  far,  of  rats  inocu- 
lated with  rat  sarcoma  39  and  Flexner-Jobling  rat  carcinoma,  tumor 
growth  has  continued  in  both  the  control  and  experimental  animals. 
Some  evidence  points  to  an  accelerated  tumor  growth  in  those  ani- 
mals receiving  large  dosages  of  Vitamin  A  rather  than  to  an  inhibi- 
tion of  growth,  as  found  by  Kuh  on  the  growth  of  tumors  in  mice. 
However,  before  this  question  can  be  definitely  settled,  statistical 
treatment  of  the  results  is  necessary,  and  more  animals  must  be 
used.  It  is  interesting  to  note  that  Barnett  Sure,  K.  S.  Buchanan,  and 
Harvey  S.  Thatcher  recently  reported  that  massive  doses  of  Vitamin 
A  to  the  extent  of  three  thousand  times  the  maintenance  require- 
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ments  were  found  to  have  no  influence  on  tumor  inhibition  or 
tumor  regression  of  Walker  rat  carcinosarcoma  256. 

The  investigation,  started  some  time  ago,  to  determine  the  rela- 
tionship of  age,  strain,  and  various  diets  on  the  growth  of  tumors 
has  been  continued  throughout  the  year.  Thirty-day-old  rats,  sixty- 
day-,  ninety-day,  one-hundred-and-twenty-day,  one-year-,  and  two- 
year-old  rats,  have  been  used  for  this  work,  and  over  a  thousand 
animals  are  on  record.  The  weights  of  the  tumors  have  all  been 
recorded.  It  is  interesting  to  note  that  Dr.  Fritz  Bischoff  and  M. 
Louisa  Long  only  recently  reported  the  influence  of  age  on  the 
growth  of  sarcoma  180  on  less  than  100  animals  and  stated  that  in 
three  inoculation  series,  using  the  Marsh  Buffalo  strain,  sarcoma 
180  grew  to  significantly  greater  size  in  young  mice  than  in  old,  a 
fact  that  was  demonstrated  many  years  ago  by  Bashford  and  his 
co-workers. 

The  Director,  Professor  Francis  C.  Wood,  in  addition  to  his  rou- 
tine duties  as  administrator  of  the  Institute  and  of  the  tissue-culture 
laboratory  at  Saint  Luke's  Hospital,  continues  to  act  as  a  member  of 
the  Advisory  Board  of  the  International  Cancer  Research  Founda- 
tion, and  as  editor  of  the  American  Journal  of  Cancer,  and  of  the 
Acta  of  the  lnter?iational  Union  against  Cancer,  contributing  to 
the  former  a  large  number  of  editorials  and  book  reviews.  He  has 
furnished  the  usual  article  on  cancer  for  the  Americana  Annual  and 
has  given  occasional  lectures  on  some  research  phase  of  cancer 
before  medical  bodies. 

For  example,  Professor  Wood  delivered  before  the  New  York 
Academy  of  Medicine,  on  February  14,  1936,  the  Bulkley  Lecture. 
He  also  spoke  before  the  medical  and  pathological  section  of  the 
Academy  on  the  chemistry  of  neoplasms.  He  addressed  the  students 
of  the  biological  department  of  New  York  University  on  "Recent 
Research  on  Cancer,"  and  spoke  before  the  County  Medical  Society 
in  Schenectady  on  "Progress  in  Cancer  Research  and  Therapy." 
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He  was  guest  speaker  at  St.  Francis  Hospital,  Pittsburgh,  at  the 
opening  of  the  new  radiotherapeutic  plant  at  that  institution  and 
spoke  of  the  part  played  by  research  in  the  understanding  of  the 
nature  of  cancer  and  its  treatment.  Professor  Wood  also  delivered  an 
address  at  the  Cleveland  Academy  of  Medicine  on  cancer  therapy. 

Professor  Wood  has  been  active  in  organizing  the  work  on  the 
proposed  International  Diagnostic  Atlas  of  Tumors  which  is  being 
printed  by  the  American  Journal  of  Cancer  and  its  staff  under  the 
editorial  guidance  of  Professor  Wood.  The  funds  for  the  publication 
of  this  Atlas,  which  will  amount  to  a  considerable  sum,  have  gener- 
ously been  provided  by  the  Chemical  Foundation  through  Mr. 
Francis  P.  Garvan,  president  of  that  philanthropic  organization. 

The  American  Journal  of  Cancer  has  had  a  satisfactory  year  from 
the  editorial  aspect  and  the  number  of  papers  offered  for  publication 
is  continually  increasing,  thus  placing  the  editor  in  that  delightful 
position  in  which  he  must  of  necessity  reject  for  lack  of  space  more 
papers  than  he  can  accept.  This  insures  a  high  standard  of  quality 
and  interest  in  the  material  selected  for  publication.  The  circulation 
of  the  American  Journal  of  Cancer  is  growing  slowly,  and  it  is  of 
especial  interest  that  a  large  percentage  of  the  increase  has  resulted 
from  subscriptions  obtained  from  European  countries. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors  at 
the  Institute  during  the  Summer  Session,  and  also  gave  his  annual 
talk  on  cancer  research  to  the  students  of  the  Medical  School,  and 
delivered  a  lecture  to  the  Undergraduate  Medical  Society  of  Phila- 
delphia on  "A  Survey  of  the  Present  Trend  of  Tumor  Research." 

Professor  Packard  read  a  paper  before  the  Radiological  Society  of 
North  America  at  Detroit  on  "The  Biological  Roentgen." 

Mr.  Frank  M.  Exner  also  read  a  paper  before  the  same  organiza- 
tion on  "Some  Physical  Problems  of  High  Voltage  X-Ray  Therapy." 

The  Institute  continues  to  furnish  a  large  number  of  tumor-bear- 
ing animals  to  various  scientific  workers  and  research  laboratories. 
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A  list  of  the  most  important  publications  of  the  members  of  the 
laboratory  staff  during  the  year  follows: 

Brabec,  Leonard  B.,  "A  Quantitative  Investigation  upon  the  Occurrence  of 
Vitamin  G  in  Rat  Sarcoma."  American  Journal  of  Cancer,  XXV  (Novem- 
ber, 1935),  551-84. 

Exner,  Frank  M.  and  Charles  Packard,  "A  Biological  Measurement  of  Radium 
Gamma  Rays."  Radiology,  XXV  (October,  1935),  391-402. 

Haagensen,  Cushman  D.  and  Otto  F.  Krehbiel,  "The  Morphology  of  the 
Sarcomas  Produced  by  i:2:5:6-Dibenzanthracene."  American  Journal  of 
Cancer,  XXVI  (February,  1936),  368-77. 

Packard,  Charles,  "The  Relation  between  Age  and  Radiosensitivity  of  Droso- 
phila  Eggs."  Radiology,  XXV  (August,  1935),  223-30. 

"The  Biological  Effectiveness  of  X-Ray  Wave-lengths."  Biological 

Effects  of  Radiation,  Chapter  XIII,  pp.  459-71.  McGraw-Hill  Book  Com- 
pany, Inc.,  New  York,  1936. 

Vogelaar,  Johannes  P.  M.  and  Eleanor  Erlichman,  "The  Growth  of  Human 
Fibroblasts  in  Media  Containing  Various  Amounts  of  Thyroxin."  American 
Journal  of  Cancer,  XXVI  (February,  1936),  358-67. 

Woglom,  William  H.,  "Immunity  against  Tumors."  Acta  of  the  International 
Union  against  Cancer,  I  (No.  3, 1936),  241-46. 

Wood,  Francis  Carter,  "The  Improvement  in  the  Ability  of  the  Medical  Pro- 
fession to  Treat  Cancer."  The  Bulkley  Lecture.  Bulletin  of  the  New  Yor\ 
Academy  of  Medicine,  XII  (July,  1936),  438-45. 

"Joseph  Colt  Bloodgood."  Obituary.  American  Journal  of  Cancer, 

XXVI  (February,  1936),  397-98. 

"William  Blair  Bell."  Obituary.  American  Journal  of  Cancer,  XXVI 


(April,  1936),  787- 

"The  New  Cancer  Institute."  Editorial.  American  Journal  of  Cancer, 


XXVII  (June,  1936),  344-46. 

"The  Future  of  X-Ray  Therapy  in  Cancer."  Acta  of  the  International 


Union  against  Cancer,  I  (Nos.  1  and  2,  1936),  64-70. 

Finally,  if  it  had  not  been  that  two  very  generous  ladies,  who 
desire  to  remain  anonymous,  made  unrestricted  gifts  during  the 
year  of  $10,000  each,  much  of  the  work  outlined  above  could  not 
have  been  completed,  and  I  wish  to  acknowledge  here  their  valuable 
contributions  together  with  that  from  the  Anna  Fuller  Fund,  the 
Louis  D.  Beaumont  Fund,  and  from  those  others  who  have  assisted 
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in  supporting  the  studies  on  the  nature  of  cancer  carried  on  by  the 
staff  of  this  laboratory. 

Respectfully  submitted, 

Francis  Carter  Wood, 

Director 
June  30, 1936 
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To  the  President  of  the  University 
Sir: 

I  have  the  honor  to  submit  the  twenty-fourth  annual  report  of  the 
Institute  of  Cancer  Research. 

Professor  William  H.  Woglom  is  continuing  his  investigation  of 
the  retarding  principle  found  in  animals  that  have  succeeded  in 
ridding  themselves  of  a  transplanted  tumor.  The  method  of  recover- 
ing it  which  was  described  in  last  year's  report  is  beset  with  technical 
difficulties,  and  attempts  are  therefore  being  made  to  work  out  a 
simpler  means  of  extraction. 

Professor  Woglom  will  publish  within  the  next  few  months  the 
results  of  an  experiment  in  which  one  of  the  highly  potent  carcino- 
genic agents  is  introduced  into  the  internal  organs  by  a  procedure, 
which,  it  was  hoped,  might  facilitate  the  development  of  a  malig- 
nant neoplasm.  Not  a  single  tumor  has  arisen  so  far  in  a  treated 
organ,  and  the  experiment  is  now  so  near  its  conclusion  as  to  make 
it  improbable  that  any  will.  The  indifference  of  the  glandular  tissues 
of  the  albino  rat  to  one  agent  that  readily  excites  malignant  growth 
in  the  connective  tissues  of  the  same  animal  does  not  show  that  the 
organs  possess  any  resistance  to  such  a  stimulant,  for  when  another 
carcinogenic  substance  is  used  with  a  different  method  of  applica- 
tion abundant  tumors  are  the  result.  Rather,  it  shows  that  the 
organs  differ  in  their  response  to  the  carcinogenic  agents  because  of 
variations  in  the  methods  of  application,  the  portal  of  entry  of  the 
agent,  and  the  time  during  which  the  tissues  are  exposed,  and,  lastly, 
the  concentration  and  quantity  of  the  carcinogenic  reagent. 
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Professor  Frederick  D.  Bullock  and  Drs.  Maynie  R.  Curtis  and 
Wilhelmina  F.  Dunning  have  continued  their  study  of  the  etiology 
of  Cysticercus  sarcoma  of  the  rat's  liver  and  are  preparing  to  make 
an  analysis  of  the  age,  sex,  and  genetic  factors  which  underly  natural 
immunity  of  rats  to  the  Cysticercus  disease.  They  have  found  that 
Taenia  larvae,  that  is,  onchospheres  liberated  by  the  in  vitro  diges- 
tion of  their  shells,  failed  to  grow  when  injected  directly  into  the 
subcutaneous  tissues  of  the  rat.  However,  the  larvae  developed 
when  similarly  liberated  and  injected  into  the  subcutaneous  tissues 
in  a  blood  clot  or  in  coagulated  ox  plasma,  or  when  introduced  into 
the  subcutaneous  tissues  at  the  site  of  a  simultaneously  produced 
hemorrhage.  Whether  or  not  these  larvae  will  continue  to  grow 
normally  is  yet  to  be  determined,  but  the  results  so  far  indicate  that 
some  form  of  support,  such  as  the  capillary  wall  or  coagulated 
plasma,  is  essential  to  the  initial  stages  of  their  development. 

In  collaboration  with  Dr.  R.  J.  Anderson,  Professor  of  Chemistry 
at  Yale  University,  these  investigators  have  continued  the  attempt 
to  isolate  and  identify  the  active  carcinogenic  agent  from  the  Cysti- 
cercus larvae.  While  no  tumors  have  yet  resulted  from  the  injection 
of  chemical  fractions  obtained  from  the  dried  larvae,  there  is  hope 
of  eventual  success  since  the  early  reactions  of  the  rat's  tissues  to 
some  of  these  fractions  resemble  the  reaction  initiated  by  the  known 
chemical  carcinogenic  agents. 

Drs.  Bullock,  Curtis,  and  Dunning  have  continued  their  studies 
on  the  incidence  of  tumors  in  rats  and  mice  resulting  from  the  sub- 
cutaneous injection  of  pure  chemical  carcinogenic  agents  dissolved 
in  paraffin  wax.  The  preliminary  study  showed  that  it  was  the 
number  of  injected  foci  of  a  i  per  cent  solution  of  dibenzanthracene 
or  benzpyrene  which  determined  the  average  time  at  which  these 
tumors  occurred  and  the  probability  of  their  occurrence,  and  that 
the  probability  of  the  occurrence  of  the  malignant  change  was  not 
altered  by  the  age,  sex,  or  genetic  constitution  of  the  host.  The  pres- 
ent study  was  undertaken  with  the  view  of  determining  the  rela- 
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tionship  between  the  time  of  occurrence  of  the  tumors  and  the  size 
of  the  focus  of  irritation,  and  the  dose  or  concentration  of  the  active 
agent. 

Through  the  assistance  of  Dr.  Otto  F.  Krehbiel,  1,000  rats  were 
injected  in  from  i  to  6  foci  with  a  i  per  cent  solution  of  i  :2  benz- 
pyrene,  the  individual  injection  varying  in  amounts  from  1/20, 1/10, 
to  2/10  c.  c.  of  paraffin  wax.  In  addition,  400  rats  were  injected  with 
a  l/2  of  1  per  cent  solution  and  300  with  1/10  of  1  per  cent  solu- 
tion of  benzpyrene.  Another  carcinogenic  agent,  methylcholanth- 
rene,  was  injected  in  a  1  per  cent  solution  in  melted  paraffin  into 
400  rats  and  a  Vi  of  1  per  cent  solution  of  this  chemical  was  injected 
into  another  series  of  approximately  400  rats.  These  experiments 
are  still  in  progress  and  it  is  expected  that  the  completed  data  will 
show  the  relationship  between  the  incidence  of  the  tumors,  the 
surface  area  of  the  tissue  exposed  to  the  irritant,  and  the  dose  of  the 
irritant. 

With  the  cooperation  of  Dr.  Carl  Reich,  hematologist  at  the 
Lenox  Hill  Hospital,  a  complete  analysis  of  the  changes  in  the 
morphology  of  the  blood  has  been  made  for  each  of  the  above-men- 
tioned animals  before  the  injection  of  the  carcinogenic  agent,  at 
varying  intervals  following  the  injection  and  after  the  occurrence  of 
the  tumor.  To  date  nearly  five  thousand  blood  tests  have  been  made. 
The  data  have  not  yet  been  analyzed,  but  are  expected  to  give  a 
complete  picture  of  the  relationship  between  the  physical  condition 
of  the  host,  the  changes  induced  by  the  chemical  agents,  and  the 
incidence  of  the  chemically  induced  tumors. 

In  a  recent  paper  Drs.  Bullock,  Curtis,  and  Dunning  reported  the 
finding  of  a  metastasizing  Cysticercus  plasmoma  of  the  rat's  liver. 
The  exceptional  character  of  this  tumor  is  evidenced  by  the  fact  that 
it  was  the  first  of  its  kind  to  be  identified  in  a  series  of  nearly  seven 
thousand  Cysticercus  tumors.  It  adds  one  more  type  of  cell  to  those 
already  observed  to  be  capable  of  neoplastic  change  due  to  the  action 
of  the  irritant  which  is  in  some  manner  associated  with  this  parasite. 
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The  host  of  this  tumor  was  one  of  a  series  of  rats  which  after  infesta- 
tion with  Taenia  larvae  were  injected  in  the  subcutaneous  tissues 
with  i  :2  benzpyrene  in  paraffin  wax,  and  was  the  bearer  also  of  four 
independent  subcutaneous  sarcomata.  The  Cysticercus  tumor  and 
two  of  the  subcutaneous  sarcomata  have  been  successfully  trans- 
planted and  a  study  has  been  made  of  the  reaction  of  hosts  of  the 
same  strain  as  the  primary  tumor  host  and  of  other  inbred  strains  to 
these  transplanted  tumors.  The  data  are  not  yet  complete  on  the 
series  of  animals  which  were  infested  with  Taenia  larvae  and  sub- 
sequently injected  with  benzpyrene,  but  when  completed  will  show 
whether  or  not  the  two  irritants  act  independently. 

A  study  of  the  growth  of  two  Cysticercus  sarcomata  I.R.S.  4337 
and  4338  from  grafts  of  each  tumor  simultaneously  transplanted 
into  the  subcutaneous  tissues  of  the  same  hosts  has  been  completed 
by  Drs.  Dunning,  Curtis,  and  Bullock  and  will  appear  shortly  in  the 
American  Journal  of  Cancer.  The  two  independent  Cysticercus 
tumors  were  found  to  differ  from  each  other  in  cell  size  and  rate  of 
growth  on  transplantation. 

Drs.  Curtis  and  Dunning  have  also  recorded  in  a  paper  which 
awaits  publication  the  occurrence  of  two  independent  dominant 
mutations  of  the  hooded  or  piebald  gene  of  rats  and  made  a  study  of 
the  factors  which  modify  this  gene  and  its  allelomorph. 

A  paper  entitled  "The  Respective  Roles  of  Heredity  and  Somatic 
Mutation  in  the  Origin  of  Malignancy,"  was  prepared  by  Drs. 
Dunning,  Curtis  and  Bullock  and  read  before  the  Second  Inter- 
national Cancer  Congress  in  Brussels,  September  21,  1936.  This 
paper  will  be  published  shortly  in  the  Journal  of  Heredity.  The 
same  authors  also  presented  a  paper  entitled  "The  Respective  Roles 
of  Heredity  and  Somatic  Mutation  in  the  Etiology  of  Tumors  In- 
duced by  Parasites  and  Chemical  Irritants,"  on  December  29,  1936, 
at  the  Symposium  on  Cancer  sponsored  by  the  Section  on  Medical 
Sciences  of  the  American  Association  for  the  Advancement  of 
Science.  Dr.  W.  F.  Dunning  read  a  paper  entitled  "Origin  of 
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Malignancy,  Somatic  Mutation,  Genes  and  Viruses,"  at  the  meeting 
of  the  Women's  Medical  Association  of  New  York  City  on  March 
10, 1937. 

Professor  Charles  Packard  has  begun  the  biological  measurement 
of  radiations  produced  at  600,000  and  900,000  volts  by  the  high- 
voltage  X-ray  radio-frequency  apparatus  invented  by  David  H. 
Sloan  of  the  University  of  California.  A  description  of  the  apparatus 
was  published  in  the  annual  report  for  1934.  The  results  of  tests  with 
Drosophila  eggs  indicate  that  the  intensities  produced  at  these  volt- 
ages are  substantially  higher  than  are  indicated  by  a  widely  employed 
commercial  physical  measuring  instrument.  At  600,000  volts  the  lat- 
ter registers  about  88  per  cent  of  the  true  dose;  at  900,000  volts  only 
about  83  per  cent.  At  200,000  volts  the  results  of  the  two  methods  of 
measurement  agree.  By  means  of  these  biological  tests  it  is  evidently 
possible  to  calibrate  such  a  dosimeter  so  that  it  can  be  used  in  routine 
measurements  for  the  purpose  of  treating  patients. 

Another  investigation  showed  that  Drosophila  eggs  react  differ- 
ently to  high  and  low  intensities  of  low-voltage  X-rays.  Under  high 
intensities  the  effect  is  much  less  than  under  the  low.  This  is  pre- 
sumably due  to  the  fact  that  the  former  stop  cell  division  more 
quickly  than  the  latter,  the  eggs  thereby  becoming  less  sensitive. 
This  reaction  does  not  necessarily  imply  that  the  eggs  have  been 
severely  injured.  Normal  mitosis  may  be  later  renewed,  and  a  nearly 
normal  sensitivity  regained.  The  rate  of  this  recovery  can  be  tested 
by  giving  a  dose  of  high-intensity  radiation  in  two  parts  separated 
by  various  time  intervals.  A  five-minute  interval  of  rest  allows  the 
eggs  to  recover  to  some  extent;  during  a  twenty-minute  interval  the 
eggs  recover  their  usual  sensitiveness  almost  completely.  These 
results  are  the  opposite  of  those  obtained  in  similar  experiments  in 
which  the  human  skin  is  the  test  object,  such  difference  in  response 
being  due  to  the  fact  that  physiological  conditions  of  the  eggs  and 
the  skin  at  the  time  of  exposure  are  not  the  same.  The  eggs  are  in 
active  division  and  highly  sensitive;  the  skin  is  relatively  insensitive. 
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In  both  cases  the  process  of  recovery  tends  to  restore  the  cells  to  their 
original  condition,  the  eggs  to  radiosensitive  condition,  and  the  skin 
to  a  relatively  insensitive  condition. 

Dr.  Johannes  P.  M.  Vogelaar  has  been  continuing  his  investiga- 
tions on  the  effects  of  various  amino  acids  on  the  growth  of  human 
tissues  in  artificial  culture.  In  an  article  published  in  October,  1936, 
dealing  with  the  significance  of  amino  acids  for  the  growth  of  hu- 
man fibroblasts,  it  was  shown  that  the  latter  can  grow  vigorously  in 
a  medium  containing  a  high  concentration  of  glycocoll,  providing 
this  medium  also  contains  proteoses  and  polypeptides.  Under  these 
circumstances,  glycine  may  have  a  slight  growth-promoting  prop- 
erty. When  the  above  substances  are  lacking  in  the  medium,  it 
exerts  a  very  pronounced  growth-inhibiting  power.  In  the  latter 
case  the  tissue  does  not  show  any  tendency  to  grow  and  there  is  no 
emigration  of  cells.  This  demonstration  of  the  growth-inhibiting 
action  of  glycine  is  important  because  this  amino  acid,  in  conjunc- 
tion with  odiers,  has  been  used  in  the  treatment  of  both  human  and 
animal  cancer.  It  was  found  by  Vies  and  de  Coulon  that  glycine  may 
exert  a  strong  inhibiting  action  on  tumor  development.  The  inhibit- 
ing action  of  various  amino  acids  on  the  growth  of  animal  tumors 
was  observed  also  by  Suzuki,  Miyao,  Lustig,  Wachtel,  and  other 
workers.  In  order  to  explain  the  interesting  fact  that  glycine  may 
exert  both  a  growth-inhibiting  and  a  growth-promoting  power,  the 
following  hypothesis  was  developed.  Tissue  cells  in  general  absorb 
amino  acids,  polypeptides,  and  similar  compounds.  The  toxic  or 
beneficial  influence  of  amino  acids  is  not  primarily  dependent  upon 
the  concentration,  but  mainly  upon  the  chemical  composition  of  the 
medium  of  which  they  form  a  part.  When  the  medium  contains 
only  amino  acids,  or  contains  them  in  relative  superabundance,  the 
cells  will  adsorb  them  to  such  an  extent  that  they  will  interfere  with 
the  normal  life  processes.  The  simultaneous  presence  of  the  various 
groups  of  protein  decomposition  products  will  prevent  a  too  exclu- 
sive adsorption  of  the  amino  acids.  In  the  first  case,  amino  acids  will 
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exert  a  toxic  influence;  in  the  second,  they  may  be  innocuous  or  even 
beneficial  to  the  cells.  If  the  above  explanation  is  correct,  it  is  prob- 
able that  most  or  all  of  the  amino  acids  may  exert  a  growth-inhibit- 
ing action  on  the  cell.  Whether  this  is  actually  the  case  is  not  yet 
known,  but  will  be  tested  in  the  near  future. 

The  fact  that  the  growth-inhibiting  action  of  glycine  may  be 
entirely  counteracted  by  other  substances  makes  it  very  probable 
that  the  action  of  these  amino  acids  on  the  animal  body  must  be 
affected  by  the  composition  of  the  food  taken  by  the  animal,  since 
it  is  known  that  the  food  proteins  are  not  entirely  broken  down  to 
amino  acids,  but  partly  enter  the  blood  stream  in  the  form  of  poly- 
peptides and  similar  substances.  In  connection  with  this,  it  is  inter- 
esting to  note  that  it  has  been  found  that  the  effect  of  glycine  in  the 
treatment  of  muscular  dystrophy  is  influenced  by  the  food  taken  by 
the  patient,  since  treatment  is  only  effective  when  the  patient  re- 
ceives proteins  in  conjunction  with  the  glycine.  It  seems  of  vital 
importance,  in  the  study  of  the  growth-inhibiting  action  of  amino 
acids  on  tumor  growth  in  vivo,  to  conduct  the  experiments  in  such 
a  way  that  the  tumor-bearing  animals  are  kept  on  varied  diets.  This 
fact  has  not  yet  been  taken  into  consideration  by  those  working  in 
this  field.  In  connection  with  the  above  facts,  it  is  also  quite  possible 
that  the  failure  to  keep  animals  alive  on  glycine  or  proteins  mainly 
composed  of  this  amino  acid,  must  be  ascribed  partly  to  the  growth- 
inhibiting  action  of  this  amino  acid  and  only  partly  to  the  inability 
of  the  organism  to  synthesize  the  various  proteins  from  glycine.  It 
will  be  no  doubt  important  to  make  a  systematic  investigation  of  the 
growth  of  both  normal  and  pathological  human  and  animal  tissues 
in  the  presence  of  various  amino  acids,  polypeptides,  and  the  like. 
The  tissue  culture  method  is  the  only  one  available  for  the  study  of 
the  exact  significance  of  the  individual  amino  acids  for  the  various 
cells  and  tissues  of  the  body  of  human  beings. 

Since  it  may  be  assumed  that  the  polypeptides  derived  from  gly- 
cine and  other  amino  acids  will  be  less  pronounced  in  their  physio- 
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logical  action,  it  seemed  interesting  to  study  the  behavior  of  human 
tissue  in  media  containing  glycylglycine,  the  simplest  of  the  dipep- 
tides.  It  was  found  in  a  long  series  of  experiments  that  glycylglycine 
behaves  principally  in  the  same  manner  as  glycine.  When  it  is 
alone  in  the  medium  it  also  exerts  a  strong  inhibiting  action,  but  in 
the  presence  of  proteoses  and  polypeptides  a  growth  of  connective 
tissue  does  occur.  It  is  interesting  to  note  that  among  several  hun- 
dreds of  cultures  not  a  single  exception  to  this  rule  has  been  seen. 
Contrary  to  what  was  expected,  the  glycylglycine  containing  media 
proved  much  more  growth-inhibiting  than  the  corresponding  media 
containing  glycine.  However,  this  fact,  far  from  upsetting  or  dis- 
proving the  theoretical  considerations  mentioned  above,  instead 
sustained  it,  since  in  some  respects  the  glycylglycine  proved  to  be 
physicochemically  more  active  than  the  amino  acid  from  which  it 
is  derived.  This  probably  depends  upon  the  fact  that  the  "zwitter 
ions"  of  both  glycine  and  glycylglycine  are  strong  dipoles  and  the 
larger  size  of  the  dipeptide  molecules.  This  will  be  discussed  further 
in  an  article  in  preparation. 

The  experiments  mentioned  above  have  been  done  also  on  fibro- 
blasts of  the  subcutaneous  connective  tissue  and  the  spleen  of  the 
mouse  and  on  sarcoma  180.  It  was  found  that  the  animal  tissues  do 
not  behave  differently  in  principle  although  an  exception  should  be 
made  for  the  tumor  tissue.  It  was  found  that  the  sarcoma  tissue  may 
show  some  activity  in  the  form  of  emigration  of  cells  and  actual 
growth,  even  in  those  media  in  which  normal  tissue  does  not  show 
any  morphological  signs  of  activity.  However,  the  tissue  activity 
under  these  circumstances  stops  very  soon  and  the  cells  show  a 
pronounced  degeneration.  It  seems  probable  that  the  activity  of  the 
glycine  and  the  glycylglycine  in  regard  to  tumor  cells  is  much  less 
influenced  by  the  presence  of  proteoses  and  polypeptides  than  nor- 
mal tissue  is.  In  none  of  the  experiments  a  growth-promoting  action 
has  been  noted  such  as  was  seen  a  few  times  in  cultures  of  human 
fibroblasts  grown  in  the  presence  of  glycine.  However,  whether  this 
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is  an  essential  difference  in  behavior  between  normal  and  tumor 
tissue  is  not  quite  certain.  Further  experiments  must  be  performed. 
The  striking  fact  that  the  sarcoma  tissue  showed  activity  in  the  form 
of  emigration  and  cell  division,  in  cases  when  normal  fibroblasts 
are  inactive,  demands  an  explanation.  It  is  probably  due  to  the  fact 
that  there  is  an  essential  difference  between  the  growth  activity  of 
normal  connective  tissue  and  sarcoma  tissue.  In  the  former  case,  the 
tissue  grows  out  in  the  form  of  a  network  of  cells.  The  growth  in 
this  case  should  be  regarded  as  an  expression  of  the  innate  tendency 
of  tissue  to  regenerate  after  injury.  In  other  words,  the  growth  is 
primarily  caused  by  changes  going  on  in  the  tissue;  the  culture 
medium  mainly  affects  the  growth  as  far  as  it  contains  more  or  less 
of  those  substances  which  are  useful  for  the  cells  in  building  up  new 
protoplasms.  In  the  case  of  sarcoma  tissues,  conditions  are  different. 
One  of  the  most  striking  facts  is  the  emigration  of  countless  amoe- 
boid cells  of  an  undoubtedly  pathological  character,  which  form  by 
far  the  larger  mass  of  tumor  tissue  and  which  increase  in  number  by 
frequent  cell  division.  Since  these  cells  are  separate,  their  behavior  is 
influenced  by  factors  entirely  different  from  those  governing  the 
growth  of  normal  fibroblasts.  The  emigration  itself  is  very  probably 
due  to  chemotaxis  and  similar  processes  which  most  likely  influence 
the  outgrowth  of  fibroblasts  only  to  a  slight  extent.  It  is  a  fact  that 
whereas  connective  tissue  may  show  a  regular  outgrowth  in  a 
medium  very  deficient  in  proteins  and  the  like,  tumor  tissue,  in  such 
circumstances,  is  very  inactive.  One  obtains  the  impression  that  the 
primary  activity  of  sarcoma  tissue  in  vitro  is  caused  to  a  large  extent 
by  chemotactic  influence  exerted  by  the  components  of  the  medium 
on  the  cells.  It  is  beyond  any  doubt  that  both  glycine  and  glycylgly- 
cine  may  exert  a  harmful  influence  on  the  cells  of  the  tumor,  since 
the  latter  show  a  marked  degeneration  within  a  few  days.  An  article 
on  the  behavior  of  sarcoma  tissue  in  media  containing  glycine  and 
glycylglycine  is  in  preparation. 

In  the  course  of  the  above  experiments,  it  was  found  that  human 
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fibroblasts  can  adapt  themselves  easily  to  tremendous  changes  in  the 
osmotic  pressure  of  the  medium  and  also  to  changes  in  pH,  although 
to  a  much  smaller  extent.  The  pH  which  is  most  favorable  to  the 
growth  of  human  fibroblasts  is  not  yet  known.  For  animal  tissue  a 
pH  of  about  7.4  has  been  regarded  as  most  favorable.  Since  media 
containing  glycine  and  similar  substances  must  be  adjusted  neces- 
sarily to  a  definite  pH,  the  culture  media  were  adjusted  tentatively 
to  a  pH  7.4.  It  has  been  found,  however,  that  this  adjustment  does 
not  lead  to  an  optimal  growth.  The  pH  of  the  media  should  be 
much  more  on  the  acid  side.  An  explanation  for  this  peculiar  fact, 
which  seems  to  be  contrary  to  the  experience  of  others  is  lacking  at 
the  moment.  Since  Rous,  many  years  ago,  had  already  pointed  out 
that  the  part  of  the  culture  medium  occupied  by  the  outgrowing 
cells  shows  an  acid  reaction  toward  litmus,  it  seems  quite  possible 
that  an  acid  culture  medium,  under  certain  circumstances,  may  be 
favorable  to  the  growth.  Studies  on  these  and  cognate  matters  are  in 
progress  at  the  present  time. 

The  experiments  concerning  the  action  of  carcinogenic  agents  on 
cultures  of  normal  animal  tissue  were  continued  both  with  fibro- 
blasts and  macrophages.  None  of  these  two  types  of  cells  have  shown 
any  changes  into  malignant  cells,  although  the  experiments  were 
carried  out  over  a  period  of  several  months.  Although  no  positive 
conclusions  can  be  drawn  from  experiments  yielding  negative  re- 
sults, it  seems  probable  that  the  formation  of  a  malignant  tumor, 
under  influence  of  a  carcinogenic  agent,  is  a  complicated  process  in 
which  the  direct  action  of  the  agent  on  the  cells  is  only  a  part  of  the 
series  of  processes  necessary  for  the  development  of  a  tumor. 

Dr.  Cushman  D.  Haagensen  has  continued  his  study  of  the  influ- 
ence of  injection  of  the  female  sex  hormone  on  the  development  of 
mammary  carcinoma  in  three  strains  of  mice.  The  experiment  will 
require  still  another  year  for  its  completion  but  at  the  end  of  this 
time  it  will  provide  comprehensive  data  on  this  interesting  question. 

Dr.  Otto  F.  Krehbiel  retired  at  the  end  of  the  fiscal  year  from  his 
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activities  in  the  laboratory  in  which  he  had  so  long  and  so  efficiently 
labored.  His  devotion  to  his  work,  the  high  accuracy  of  his  technic, 
and  the  interest  which  he  took  in  the  health  and  comfort  of  the 
animals  with  which  he  worked  have  been  an  example  for  all  those 
who  have  done  research  work  in  the  Crocker  Laboratory.  He  will 
be  gready  missed  at  the  Institute,  for  his  widespread  knowledge  of 
chemistry  and  his  manipulative  skill  were  always  at  the  service  of 
the  members  of  the  staff.  Most  of  his  work  in  the  last  few  years  has 
been  done  in  collaboration  with  others.  He  has  helped  in  the  solu- 
tion of  many  of  the  smaller  problems  which  turn  up  in  every  labora- 
tory but  do  not  necessarily  reach  the  dignity  of  publication.  During 
the  past  year  he  worked  with  Dr.  Jacob  Heiman  on  the  influence  of 
hormones  on  breast  hyperplasia  and  tumor  growth  in  white  rats, 
and  with  Dr.  Cushman  D.  Haagensen  on  tumors  produced  by  i  \i- 
benzpyrene  and  with  Drs.  Curtis  and  Dunning  on  the  technic  of 
injecting  carcinogenic  compounds  in  the  experimental  production 
of  tumors. 

Dr.  Frederick  Prime  has  been  engaged  in  the  past  year  in  the 
study  of  the  lethal  effect  of  X-rays  on  tumors  and  normal  tissues  in 
in  vitro  cultures  and  also  has  determined  the  lethal  dose  of  X-rays 
for  the  plasma-cell  tumor  mentioned  above  in  the  survey  of  the 
work  of  Drs.  Bullock,  Curtis,  and  Dunning.  He  has  been  engaged 
in  an  investigation  as  to  the  possibility  of  enhancing  the  rapidity  of 
action  of  certain  carcinogenic  substances. 

Dr.  Prime  has  also  been  carrying  on  a  series  of  inoculations  of 
rabbits  and  guinea  pigs  to  produce  the  tumors  which  occur  in  these 
animals  after  the  administration  of  the  three  most  effective  carcino- 
genic substances,  benzpyrene,  methylcholanthrene,  and  dibenzan- 
thracene.  A  number  of  very  interesting  types  of  guinea  pig  tumors 
have  been  produced.  In  addition,  the  fact  that  the  tumors  did  not 
appear  until  some  seven  to  eighteen  months  had  elapsed  confirms 
the  opinion  which  Drs.  Curtis  and  Dunning  have  drawn  from  their 
studies  on  tumors  of  mice  and  rats :  that  the  time  of  the  appearance 
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of  a  malignant  growth  is  a  linear  function  of  the  length  of  life  of  the 
species.  Thus,  subcutaneous  tumors  can  be  produced  in  mice  in  a 
minimum  of  two  months;  in  rats  in  a  minimum  of  four  months,  but 
in  guinea  pigs  and  rabbits,  which  have  a  much  longer  average  life, 
the  tumors  appear  only  after  the  lapse  of  seven  months  at  the  mini- 
mum and  often  not  before  a  year  and  a  half.  It  is  probable,  there- 
fore, that  with  longer-lived  animals  a  still  greater  time  would  be 
required.  The  advantages  from  this  aspect  alone  of  using  the  short- 
lived mice  and  rats  in  cancer  research  are  obvious. 

During  the  year  Mr.  Frank  M.  Exner  has  been  actively  engaged 
in  putting  the  final  constructional  touches  on  the  million-volt  X-ray 
machine  which  the  Institute  has  built  for  experimental  purposes  at 
the  Presbyterian  Hospital.  During  the  erection  of  this  machine  we 
have  had  the  continued  advice  of  Mr.  David  H.  Sloan,  who  sug- 
gested several  improvements,  so  that  the  apparatus  possesses  a  num- 
ber of  points  of  superiority  over  the  first  one  constructed.  For  a  piece 
of  laboratory  engineering  the  efficiency  of  the  machine  has  been 
quite  remarkable.  Only  two  important  breakdowns  have  occurred 
and  they  were  both  due  to  avoidable  accidents  in  controlling  the 
circulation  of  the  cooling  water,  a  large  amount  of  which  is  neces- 
sary at  high  pressure.  A  minute's  interruption  of  the  flow  of  this 
water  throughout  the  apparatus  may  result  in  serious  heat  damage 
to  the  oscillators  or  the  anticathode,  but  since  these  matters  were  ad- 
justed the  machine  has  been  functioning  steadily  for  four  to  five 
hours  a  day  treating  patients  and  furnishing  opportunities  for 
research,  some  of  which  Dr.  Packard  has  recorded  in  this  report. 

The  psychological  reactions  of  physicians  and  patients  to  the 
machine  have  not  been  uninteresting.  The  general  assumption  is, 
inasmuch  as  the  newspaper  headlines  have  talked  about  a  million- 
volt  X-ray  apparatus,  that  the  machine  must  exert  some  uncanny 
forces  hitherto  unknown,  forgetting  that  patients  have  been  treated 
with  two-million-volt  X-rays  ever  since  Marie  Curie  discovered 
radium.  The  profession  has  assumed  that  the  enormous  quantity  of 
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radiation  which  this  machine  can  generate  offers  great  advantage  in 
treatment.  This  is  not  true.  It  is  of  value  experimentally  but  not  in 
treatment,  for  small  quantities  slowly  given  are  of  more  effect  than 
large.  In  order  to  gain  the  shorter  wave  lengths  of  radiation,  which 
for  many  reasons  are  therapeutically  desirable,  far  less  than  one- 
thousandth  part  of  the  power  which  enters  the  apparatus  reappears 
as  X-ray.  The  energy  is  lost  in  the  transformers,  in  heating  the  anti- 
cathode  and  removing  the  soft  radiation  with  lead  filters.  The 
patients  receive  at  a  time  but  little  more  X-ray  energy  than  is  used  in 
the  taking  of  an  ordinary  X-ray  film.  What  is  gained  is  the  possi- 
bility of  placing  the  patient  about  six  feet  from  the  anticathode  in- 
stead of  close  to  it  as  in  ordinary  X-ray  apparatus,  so  that  the  beam 
of  X-rays  diverges  very  slightly.  Owing  to  this  possibility  and  to  the 
shortness  of  the  wave  length  of  the  X-ray  there  is  slightly  more 
penetration  into  the  tissues  than  with  the  lower  voltages.  The  great 
benefit  not  realized  either  by  the  physician  or  the  layman  is  the 
absence  of  damage  to  the  skin,  provided  the  rate  of  giving  the  X-ray 
is  correctly  adjusted.  For  this  reason  instead  of  the  patient  being 
rayed  in  ten  minutes,  as  is  the  usual  practice,  none  is  given  less  than 
about  an  hour's  exposure  for  the  same  dose.  During  this  time  the 
patient  can  rest  comfortably  and  usually  after  the  end  of  the  period 
not  know  that  anything  has  happened  to  him. 

The  lack  of  damage  to  the  skin  is  due  almost  entirely  to  the  fact 
that  at  the  high  voltages  approaching  a  million  volts  the  electrons, 
which  are  the  things  that  damage  the  cells  and  not  the  X-ray 
itself,  are  largely  scattered  forward  instead  of  in  all  directions.  There 
is  therefore  little  throwback  of  the  electrons  on  the  inner  surface  of 
the  skin  and  hence  less  damage  to  it  than  with  lower  voltage  radia- 
tion. For  example,  at  200,000  volts  the  back-scatter  is  some  45  per 
cent  of  the  impinging  beam,  while  at  800,000  volts  it  is  less  than  5 
per  cent  of  the  same.  The  measurements  of  these  back-scatter 
amounts  have  been  made  by  Dr.  Packard  with  the  aid  of  the  eggs  of 
the  fruit  fly  Drosophila.  This  little  insect,  which  has  hitherto  seemed 
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to  be  of  little  value  except  as  furnishing  material  for  studies  in  ge- 
netics, now  aids  in  the  treatment  of  cancer,  supplying  eggs  which, 
when  properly  used,  measure  X-rays  and  radium  rays  with  die 
greatest  accuracy. 

Dr.  Louis  A.  M.  Henry  was  temporarily  added  to  the  staff  during 
a  leave  of  absence  from  his  research  work  in  Belgium  to  assist  Mr. 
Exner  in  the  construction  of  certain  delicate  apparatus  for  the  meas- 
urement of  the  voltage  furnished  by  the  tube,  a  phase  of  physics  in 
which  Dr.  Henry  is  peculiarly  well  equipped.  Unfortunately  he  had 
only  a  short  leave  of  absence  from  his  duties  abroad  but  during  the 
time  he  was  here  he  was  of  great  assistance. 

Dr.  Friedrich  Burgheim  is  also  serving  on  the  staff  of  the  high 
voltage  X-ray  laboratory  in  the  treatment  of  patients  who  have  been 
selected  as  especially  needing  the  type  of  radiation  which  this 
machine  gives  off.  Many  of  them  have  been  previously  treated  else- 
where without  any  satisfactory  results. 

Dr.  Jacob  Heiman  has  continued  his  morphologic  studies  of  the 
pituitary  gland  observed  when  the  experimental  animals  were  in- 
jected with  gonadotropic  or  estrogenic  hormones  separately  or  in 
combination.  The  animals  were  of  both  sexes  and  either  normal  or 
the  carriers  of  spontaneous  or  grafted  tumors.  The  glands  of  male 
and  female  castrates  also  were  studied.  The  pituitaries  from  rats 
bearing  a  considerable  variety  of  tumors  were  observed.  Serial  sec- 
tions of  the  pituitaries  and  differential  stains  were  made.  Cell  counts 
of  normal  and  abnormal  cells  were  made  according  to  the  method 
of  Rasmussen.  Significant  changes  in  the  percentage  of  the  various 
cell  types  were  noted,  such  as  reduction  of  the  acidophiles  in  rats 
with  benign  tumors. 

The  effects  of  the  hormones  were  also  investigated  in  male  and 
female  rats  in  whom  the  gonads  had  been  removed.  Serial  sections 
of  the  pituitary  glands  were  then  studied  after  sufficient  time  had 
elapsed  for  pathological  changes  to  occur  and  counts  of  normal  and 
abnormal  cells  were  made.  The  percentage  changes  of  the  various 
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cell  types  were  noted  as,  for  instance,  reduction  of  the  acidophile 
cells  in  animals  bearing  benign  tumors  and  an  increase  in  the 
chromophobe  and  large  clear  cells  of  the  same  group.  The  castrated 
animals  bearing  tumors  were  also  found  to  show  a  diminution  in 
the  number  of  so-called  castration  cells  when  compared  with 
castrates  which  were  immune  to  tumor  inoculation.  When  estro- 
genic hormone  is  injected  into  immune  castrates  the  formation  of 
the  characteristic  castration  cells  could  not  be  observed.  When 
gonadotropic  and  estrogenic  hormones  were  injected  together  in 
small  doses,  the  changes  due  to  tumor  grafting  were  not  observed 
and  the  percentage  of  cell  groups  in  the  pituitary  tended  to  return  to 
normal.  Rats  bearing  malignant  tumors  also  show  a  constant  in- 
crease in  the  chromophobe  cells.  Animals  which  are  immune  to 
tumors  and  have  not  been  treated  with  hormones  show  normal 
configuration  in  the  pituitary.  Morphological  studies  of  the  other 
endocrine  glands  have  been  carried  out  on  tumor-bearing  animals 
both  with  and  without  hormone  treatment. 

The  rat  tumor  produced  by  injections  of  pituitary  and  ovarian 
hormones  is  now  in  its  eighth  generation.  The  morphologic  changes 
in  the  induced  tumor  are  similar  to  those  occurring  in  the  trans- 
plants from  spontaneous  fibroadenomata.  Over  15  per  cent  of  these 
induced  tumors  become  sarcomatous. 

The  problem  of  hormones  in  relation  to  the  tumor  growth  is 
being  further  investigated  by  correlating  morphologic  changes  in 
spontaneous  transplanted  or  induced  benign  tumors  with  morpho- 
logic changes  in  the  glands  of  internal  secretion.  The  statistical  data 
available  at  present  are  being  critically  analyzed. 

Dr.  Francis  C.  Wood  has  been  actively  engaged  in  preparing  the 
International  Diagnostic  Atlas  of  Tumors  which  is  to  be  published 
by  the  Chemical  Foundation  for  the  International  Union  against 
Cancer.  In  connection  with  diis  publication  Dr.  Wood  met  the 
members  of  the  International  Committee  in  London  in  May  to 
discuss  the  progress  and  sundry  details  concerning  the  preparation 
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of  that  volume,  which  it  is  hoped  will  appear  within  a  year.  A  con- 
siderable portion  of  this  Atlas  will  be  derived  from  the  extensive 
collection  of  tumor  slides  of  the  pathological  department  of  Saint 
Luke's  Hospital,  of  which  Dr.  Wood  has  been  in  charge  for  the  past 
forty  years.  There  is  in  that  collection  a  record  and  slide  from  every 
tumor  case  during  that  period.  In  addition  there  is  a  large  collection 
of  human  tumors  in  the  files  of  the  Institute  of  Cancer  Research, 
sent  in  from  all  over  the  world  for  diagnosis  by  the  director,  and  the 
records  supplied  by  this  material  supplement  those  from  Saint 
Luke's,  so  that  these  two  collections  more  than  justify  the  labor  of 
their  making  by  helping  physicians  to  diagnose  the  tumors  and  de- 
cide the  proper  treatment  and  probable  future  of  the  patient. 

Of  late,  in  response  to  a  suggestion  made  to  the  life  insurance 
companies,  a  considerable  number  of  interesting  slides  have  been 
received  from  one  of  the  large  New  York  companies  and  the  medi- 
cal directors  of  that  institution  feel  that  a  real  help  has  been  obtained 
in  deciding  the  possibility  or  impossibility  of  placing  the  insurance 
applied  for. 

The  American  Journal  of  Cancer  has  sustained  its  position  as  the 
best  journal  in  its  field  published  in  any  language.  The  extent  of  this 
field  may  be  realized  from  the  fact  that  three  volumes,  each  of  1,000 
pages,  have  been  published  during  the  year  1936—37.  About  two- 
thirds  of  this  space  is  occupied  by  original  articles  of  various  types 
and  one-third  by  abstracts.  While  the  subscribers  to  the  journal  are 
increasing,  like  all  other  purely  scientific  publications  it  has  had  in 
the  past  a  considerable  deficit,  which  hitherto  has  been  met  by  the 
Chemical  Foundation.  The  diminution  of  income  which  that  or- 
ganization will  suffer  as  the  patents  which  it  holds  expire,  will 
inevitably  compel  a  reduction  in  the  amount  that  can  be  printed  in 
the  journal  or  the  obtaining  of  support  from  other  sources.  So  far  a 
very  cordial  response  has  been  made  to  a  suggestion  that  institutions 
interested  in  the  investigation  of  the  problems  of  cancer  join  in 
supporting  a  journal  which  publishes  the  results  of  the  activities  of 
these  institutions,  and  it  is  to  be  hoped  that  in  the  near  future  some 
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permanent  endowments  may  be  obtained.  Research  papers  are  use- 
less unless  they  can  be  published,  and  those  who  are  giving  grants- 
in-aid  appreciate  that  such  grants  should  include  publication  costs 
of  any  discoveries  which  may  be  made. 

The  Director,  Professor  Francis  C.  Wood,  in  addition  to  his  rou- 
tine duties  as  administrator  of  the  Institute  and  of  the  tissue  culture 
laboratory  at  Saint  Luke's  Hospital,  continues  to  act  as  a  member  of 
the  Advisory  Board  of  the  International  Cancer  Research  Founda- 
tion, and  as  editor  of  the  American  Journal  of  Cancer  and  of  the 
Acta  of  the  International  Union  against  Cancer,  contributing  to  the 
former  a  large  number  of  editorials  and  book  reviews.  He  has  fur- 
nished the  usual  article  on  cancer  for  the  Americana  Annual  and 
has  given  occasional  lectures  on  some  phase  of  cancer  before  medical 
bodies. 

The  Director  presented  a  paper  on  "Progress  in  X-Ray  Therapy" 
at  the  Second  International  Cancer  Congress  in  Brussels  on  Septem- 
ber 20, 1936.  He  read  a  paper  before  the  meeting  of  the  Association 
of  Life  Insurance  Medical  Directors  of  America,  on  October  23,  in 
which  he  called  attention  to  the  necessity  for  careful  study  in  record- 
ing the  microscopic  sections  of  tumors  before  the  issuance  of  insur- 
ance to  anyone  who  had  a  tumor  removed. 

He  gave  the  Frank  E.  Bunts  Lecture  at  the  Cleveland  Clinic  on 
October  27,  speaking  on  "Radiological  Aspects  in  the  Treatment  of 
Malignancies  of  the  Genitourinary  System."  Fie  also  spoke,  on 
December  1,  at  a  meeting  of  the  Women's  Auxiliary  of  the  Lan- 
kenau  Hospital  Research  Institute  of  Philadelphia,  on  "Stepping 
Stones  in  Cancer  Knowledge."  Dr.  Wood  spoke  at  the  Long  Beach 
Hospital  on  the  evening  of  December  16.  On  December  30,  Dr. 
Wood  read  a  paper  on  "The  Production  of  Tumors  by  Chemical 
Agents,"  at  the  Cancer  Symposium  of  the  meeting  of  the  American 
Association  for  the  Advancement  of  Science  in  Atlantic  City. 

On  February  15,  1937,  he  spoke  before  the  Congress  on  Medical 
Education  and  Licensure  in  Chicago  on  "The  Pathology  of  Cancer," 
and  on  March  15,  spoke  to  the  students  of  the  staff  of  Wayne  Univer- 
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sity  and  gave  an  address  before  the  Wayne  County  Medical  Society 
on  "Cancer  Today." 

On  June  1 1, 1937,  at  a  meeting  of  the  New  York  Electrical  Society, 
at  the  College  of  Physicians  and  Surgeons,  Dr.  Wood  gave  a  talk  on 
the  construction  and  use  of  the  million  volt  X-ray  machine  at  the 
Presbyterian  Hospital. 

Dr.  Wood  has  been  appointed  chairman  of  the  section  on  radiol- 
ogy of  the  Fifth  International  Congress  of  Radiology  which  is  to  be 
held  in  Chicago  in  September,  1937. 

Professor  Woglom  gave  a  course  in  the  morphology  of  tumors  at 
the  Institute  during  the  Summer  Session,  and  also  gave  his  annual 
talk  on  cancer  research  to  the  students  of  the  College  of  Physicians 
and  Surgeons. 

Dr.  Jacob  Heiman  read  a  paper  before  the  International  Cancer 
Congress  in  Brussels  on  September  23,  1936.  He  also  spoke  at  Yale 
University  on  December  17  and  on  March  3, 1937,  at  the  Lankenau 
Hospital  in  Philadelphia,  the  subject  of  all  these  lectures  being  "The 
Influence  of  Hormones  on  Breast  Hyperplasia  and  Tumor  Growth 
in  White  Rats." 

The  Institute  continues  to  furnish  a  large  number  of  tumor-bear- 
ing animals  to  various  scientific  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the 
laboratory  staff  during  the  year  follows: 

Bullock,  Frederick  D.,  Maynie  R.  Curtis,  and  Wilhelmina  F.  Dunning,  "The 
Respective  Roles  of  Heredity  and  Somatic  Mutation  in  the  Origin  of  Malig- 
nancy." American  Journal  of  Cancer,  XXVIII  (December,  1936),  681-712. 

"A  Transplantable  Metastasizing  Cysticercus  Plasmoma  of  the  Rat's 

Liver  Associated   with  Multiple  Subcutaneous   Benzpyrene   Sarcomata." 
American  Journal  of  Cancer,  XXX  (June,  1937),  355-61. 

"The  Respective  Roles  of  Heredity  and  Somatic  Mutation  in  the  Eti- 


ology of  Tumors  Induced  by  Parasites  and  Chemical  Irritants."  Occasional 
Publications  of  the  American  Association  for  the  Advancement  of  Science, 
No.  4  (June,  1937),  29-36. 
Dunning,  Wilhelmina  F.,  "The  Origin  of  Malignancy,  Somatic  Mutations, 
Genes  and  Viruses."  The  Medical  Women's  Journal,  May,  1937. 
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Exner,  Frank  M.,  "Some  Physical  Problems  of  High  Voltage  X-ray  Therapy." 

Radiology,  XXVII  (August,  1936),  186-90. 
Haagensen,  Cushman  D.,  and  Otto  F.  Krehbiel,  "Liposarcoma  Produced  by 

1 :2-Benzpyrene."  American  Journal  of  Cancer,  XXVII  (July,  1936)..  474-84. 
Heiman,  Jacob,  and  Otto  F.  Krehbiel,  "The  Influence  of  Hormones  on  Breast 

Hyperplasia  and  Tumor  Growths  in  White  Rats."  American  Journal  of 

Cancer,  XXVII  (July,  1936),  450-73. 

"Spontaneous  Mammary  Carcinoma  in  a  Female  Rabbit."  American 

Journal  of  Cancer,  XXIX  (January,  1937),  93-101. 

Packard,  Charles,  "The  Biological  Roentgen."  Radiology,  XXVII  (August, 
1936),  191-95. 

"The  Effect  of  Single  and  Divided  Doses  of  High  Intensity  X-rays  on 

the  Eggs  of  Drosophila."  American  Journal  of  Cancer,  XXX  (May,  1937), 

i3°-38- 
Vogelaar,  Johannes  P.  M.,  and  Eleanor  Erlichman,  "The  Significance  of 

Amino  Acids  for  the  Growth  in  Vitro  of  Human  Fibroblasts."  American 

Journal  of  Cancer,  XXVIII  (October,  1936),  301-13. 
Wood,  Francis  Carter,  "Progress  in  X-ray  Therapy."  Reports  of  the  Second 

International  Congress  of  Scientific  and  Social  Campaign  against  Cancer, 

Brussels,  September,  1936,  p.  320. 

"The  Pathology  of  Cancer."  Proceedings  of  the  Annual  Congress  on 

Medical  Education  and  Licensure  of  the  American  Medical  Association, 
Chicago,  February,  1937,  pp.  15-17- 

"The  Production  of  Tumors  by  Chemical  Agents."  Occasional  Publi- 


cations of  the  American  Association  for  the  Advancement  of  Science,  June, 
1937,  pp.  60-61. 

"Present  Status  of  Malignant  and  Benign  Tumors."  Abstract  of  the 


Proceedings  of  the  Forty-seventh  Annual  Meeting  of  the  Association  of  Life 
Insurance  Medical  Directors,  New  York  City,  1937,  XXIII,  pp.  208-24. 
"Cancer."  The  Americana  Annual,  1937,  pp.  105-07. 


The  Director  wishes  to  acknowledge  the  contributions  from  the 
Anna  Fuller  Fund  and  the  Louis  D.  Beaumont  Fund,  and  an  anony- 
mous gift  of  $10,000  for  the  work  of  the  Institute.  Without  such 
generous  help  a  considerable  proportion  of  our  work  might  have 
been  hampered. 

Respectfully  submitted, 

Francis  Carter  Wood, 
Director 
June  30,  1937 
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To  the  President  of  the  University 

Sir: 

I  have  the  honor  to  submit  the  twenty-fifth  annual  report  of  the 
Institute  of  Cancer  Research. 

Professor  William  H.  Woglom  has  attempted  to  investigate  the  spec- 
ificity of  the  immune  principle  which,  as  he  has  shown,  can  be  absorbed 
on  tumor  tissue  implanted  into  rats  rendered  immune  by  the  spontaneous 
absorption  of  rat  tumor  39.  For  this  purpose  the  principle  has  been  added 
to  cultures  of  tumor  cells  and  of  normal  cells  to  see  whether  it  would 
damage  the  former  and  not  the  latter,  but  the  method  is  beset  by  a  con- 
siderable number  of  technical  difficulties  not  yet  successfully  overcome. 
The  work  has  been  done  with  Dr.  Johannes  P.  M.  Vogelaar,  working  at 
St.  Luke's  Hospital. 

During  the  experiments  with  the  retarding  principle,  abscesses  occa- 
sionally appeared  at  the  site  where  sarcoma  39  had  been  inoculated 
following  some  such  preliminary  treatment  as  incubation  in  organ  ex- 
tracts. This  infection,  which  had  never  been  seen  during  twenty  years 
of  inoculation  of  untreated  sarcoma  39,  was  finally  traced  to  a  filterable 
agent  resembling  a  virus.  In  collaboration  with  Mr.  Joel  Warren,  a  vol- 
unteer investigator  at  the  Institute,  its  properties  have  been  worked  out, 
and  described  in  a  preliminary  article  in  Science  and,  more  fully,  in  the 
Journal  of  Experimental  Medicine. 

The  relation  of  this  agent  to  the  tumor  remains  to  be  determined.  It 
appears  at  present  to  be  a  mere  contaminant,  but  why  it  should  appear 
only  in  tumors  that  have  been  subjected  to  some  sort  of  treatment,  and 
not  in  tumors  transplanted  in  the  usual  routine  for  keeping  the  growth 
alive,  is  a  problem  that  has  not  yet  been  solved.  In  any  case,  the  agent  has 
aroused  such  interest  among  oncologists  in  this  country  and  in  England 
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that  a  fuller  investigation  of  its  relation  to  sarcoma  39  can  hardly  be 
neglected. 

Professor  Woglom's  attempt  to  produce  tumors  in  the  internal  organs 
by  the  insertion  of  threads  which  had  been  soaked  in  a  saturated  benzol 
solution  of  benzpyrene  and  allowed  to  dry  has  been  completed  and  the 
wholly  negative  results  published.  The  experiment  demonstrated  that  a 
procedure  which  gives  rise  to  subcutaneous  tumors  will  not  necessarily 
produce  growths  under  perfectly  similar  conditions  when  applied  to  the 
internal  organs. 

These  experiments  also  indicate  that  a  certain  amount  of  discretion 
should  be  exercised  in  announcing,  as  has  been  done,  that  because  after 
the  injection  of  an  organ  with  a  carcinogenic  substance  a  tumor  appears 
in  the  region,  that  the  growth  is  actually  derived  from  the  organ  and  not 
from  the  surrounding  tissues.  An  admirable  illustration  is  the  report  by 
a  very  competent  observer  that  the  injection  of  a  carcinogenic  agent  into 
the  testicle  produced  a  tumor  of  that  organ.  A  more  thorough  study  of 
the  subject  made  it  evident  that  the  tumor  was  that  of  an  aberrant  adre- 
nal and  not  of  the  testicle.  There  are  a  number  of  published  statements 
concerning  the  production  of  tumors  in  organs  by  such  injection,  when 
it  is  probable  that  the  growth  originated  from  near-by  skin  or  from  the 
capsule  of  the  organ,  and  certainly  not  from  the  specific  cells. 

Shope's  discovery,  in  conjunction  with  some  recent  work  on  avian  tu- 
mors, of  a  rabbit  papilloma  that  is  due  to  a  virus  has  reawakened  interest 
in  the  relationship  between  viruses  and  the  malignant  neoplasms.  As 
there  are  a  few  highly  competent  investigators  who  believe  that  the  ma- 
jority of  malignant  growths  will  some  day  be  proved  to  be  of  viral  origin, 
it  is  fitting  that  mammalian  tumors  should  be  examined  from  time  to 
time  with  this  end  in  view,  as  new  methods  of  investigation  present  them- 
selves. 

Professor  Woglom  has  accordingly  injected  large  quantities  of  a  mouse 
sarcoma  into  mice  bearing  hyperplastic  lesions  produced  by  benzpyrene, 
in  order  to  see  whether  it  would  incite  these  to  malignant  growth  as  the 
Shope  papilloma  virus  stimulates  tar  warts  in  the  rabbit.  No  such  effect 
was  observed,  and  the  conclusion  drawn  in  his  paper,  now  in  press,  was 
that  the  method  chosen  gave  no  evidence  that  this  sarcoma  is  caused  by  a 
virus. 
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Professor  Woglom  and  Mr.  Warren  have  under  way  a  number  of  ex- 
periments with  the  Shope  rabbit  papilloma.  One  of  these,  a  method  of  im- 
munizing against  this  tumor,  has  given  encouraging  results,  and  it  is 
hoped  that  the  matter  may  soon  be  ready  for  publication.  The  remainder 
are  still  in  a  preliminary  stage,  for  this  neoplasm  grows  more  slowly  than 
the  common  mouse  and  rat  tumors  so  that  its  investigation  is  to  this  ex- 
tent delayed. 

Such  experiments  as  those  outlined  in  the  few  preceding  paragraphs, 
while  interesting  and  often  useful,  represent,  nevertheless,  an  indirect  ap- 
proach to  the  cardinal  problem — the  cure  of  malignant  disease.  Accord- 
ingly, efforts  are  being  constantly  made,  as  new  drugs  are  discovered  or 
fresh  ideas  present  themselves,  to  find  a  way  of  controlling  malignant 
growth.  Alone,  or  in  collaboration  with  Mr.  Warren,  Professor  Woglom 
has  tested  a  number  of  materials,  but  as  the  outcome  has  been  entirely 
negative  the  experiments  have  not  been  allowed  to  encumber  an  already 
overburdened  literature. 

As  has  been  noted  in  previous  reports,  the  Institute  of  Cancer  Research 
has  constructed,  in  cooperation  with  the  Presbyterian  Hospital,  which 
furnished  the  building,  an  elaborate  x-ray  apparatus  of  the  Sloan  design 
capable  of  running  considerably  over  1,000,000  volts.  The  arrangement 
made  with  the  hospital  was  that  during  such  period  as  the  Institute  de- 
sired to  conduct  research  the  apparatus  should  remain  under  its  control, 
and  when  these  experiments  were  finished  the  Presbyterian  Hospital 
would  use  the  apparatus  as  a  part  of  its  equipment  for  radiation  therapy. 
However,  it  has  been  found  possible  to  treat  nearly  one  hundred  patients 
referred  from  the  Presbyterian  Hospital  and  other  institutions  without 
serious  interference  with  the  research  work,  so  that  the  staff  of  the  Insti- 
tute has  been  able  to  observe  on  the  same  patient  the  differences  in  radia- 
tion effects  between  200,000  volts  and  1,000,000  volts. 

One  reason  for  the  construction  of  this  apparatus  was  to  determine,  both 
on  patients  and  by  experimental  methods  if  possible,  the  advantages  or 
disadvantages  of  the  higher  voltage  x-rays  and  to  see  whether  there  was 
not  a  point  at  which  an  x-ray  machine  would  furnish  to  the  patients  the 
obvious  benefits  of  a  voltage  somewhat  higher  than  at  present  generally 
available,  without  resorting  to  the  complicated  and  expensive  machinery 
now  necessary  for  1,000,000-volt  treatment.  The  plant  should  be  one,  ob- 
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viously,  which  could  be  operated  by  a  physician  or  technician  without 
special  electrical  engineering  training. 

The  construction  of  sealed-ofl  x-ray  tubes  at  1,000,000  volts  has  been 
accomplished,  but  these  tubes  at  present  are  very  expensive,  require  spe- 
cial care  and  handling,  and  are  not  yet  widely  used,  and  the  same  is  true 
of  the  type  of  machine  which  the  Institute  built.  It  requires  expert  man- 
agement, a  considerable  knowledge  of  electrical  engineering,  especially 
of  radio  frequencies,  and  actually  is  still  in  the  developmental  stage, 
though  it  has  given  nearly  continuous  daily  service  for  the  treatment  of 
patients  for  over  a  year. 

It  may  seem  strange  to  the  layman  that  there  is  still  a  necessity  for  the 
study  of  the  effects  of  radiation  at  various  voltages  in  order  to  determine 
which  is  the  most  useful  for  the  treatment  of  human  beings  and  that  it 
has  taken  forty  years  to  develop  tubes  and  generators  to  produce  x-rays  at 
1,000,000  volts.  But  if  the  layman  would  go  to  one  of  the  few  institutions 
in  which  these  high-voltage  machines  are  operated  and  discuss  with  the 
electrical  engineers  or  physicists  in  charge  the  many  years  which  have 
been  required  for  the  development  of  vacuum  pumps,  tubes,  transform- 
ers, and  other  paraphernalia  of  one  of  these  complicated  machines,  he 
would  realize  the  difficulties  of  the  problem,  which  at  every  step  includes 
the  invention  of  new  apparatus  and  new  technics.  In  fact,  the  Sloan  type 
of  machine  constructed  by  the  Institute  introduced  into  high-voltage 
x-ray  apparatus  a  more  or  less  new  principle,  which  in  its  particular  form 
is  quite  outside  the  usual  type  of  construction  for  high-voltage  x-ray  ma- 
chines. The  building  of  the  radio  oscillators  and  the  1,000,000-volt  trans- 
former inside  the  steel  x-ray  tube,  which  are  the  important  portions  of  the 
apparatus,  the  adjustments  necessary  for  the  smooth  functioning  and  del- 
icate balancing  of  these  two  oscillators,  one  to  the  other,  as  well  as  the 
constructional  complications  implicit  in  the  complete  and  abundant 
water  cooling  necessary  for  the  use  of  these  oscillators  in  amplifying  a 
voltage  of  15,000  to  1,000,000,  together  with  developing  the  technics  nec- 
essary for  pumping  large  metal  vessels  to  a  vacuum  of  a  few  billionths  of 
atmospheric  pressure,  lie  so  much  on  the  outer  limits  of  our  physical  and 
mechanical  accomplishments  that  it  is  astonishing  that  a  machine  could 
have  been  built  which  functions  as  well  as  this  does. 
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From  the  scientific  side  it  has  amply  fulfilled  every  requisite  for  the  ex- 
ploration on  biological  material  of  a  range  of  radiations  from  200,000  to 
1,000,000  volts,  with,  if  needed,  a  large  quantity  of  x-rays.  Above  that 
voltage  it  is  not  necessary  to  use  x-ray,  because  radium  furnishes  radia- 
tion at  both  1,000,000  and  2,000,000  volts  and  mesothorium  gives  off 
3,000,000-volt  radiation,  so  that  experimentally  these  two  substances  can 
be  used  to  verify  the  laws  of  the  biological  effects  of  radiation  without 
having  to  build  expensive  machinery.  It  should  be  said  that  no  evidence 
is  available  at  present  to  suggest  any  qualitative  biological  difference  be- 
tween radiations  at  8,000  volts  and  those  up  to  3,000,000  volts  given  off  by 
mesothorium.  And  why  should  such  difference  exist?  The  damage  to  the 
nucleoproteins  and  other  substances  in  the  cell  is  accomplished,  not  by 
the  direct  radiation  of  the  particles  of  light  of  which  the  x-ray  and  gamma 
ray  beams  are  composed,  but  by  the  electrons  which  the  light  sets  free  in 
the  tissues,  and  it  is  unlikely  that  the  molecules  of  the  cell  protein  can  re- 
alize that  they  are  killed  by  electrons  of  high  speed  or  low  speed.  The 
figure  has  been  used  in  this  connection  that  a  bear  scarcely  notices 
whether  the  bullet  which  destroys  his  brain  is  a  high-velocity  6mm. 
Mauser  or  a  large  lead  slug  from  an  old-fashioned  Winchester  of  44  cali- 
ber. All  he  can  possibly  know  is  that  he  is  dead,  and  the  same  is  true  of 
the  cell. 

That  quantitative  biological  effects  are  independent  of  wave  length 
over  a  wide  range  was  first  demonstrated  in  the  Institute,  and  is  now 
generally  accepted  by  scientific  workers.  There  still  remain  ample  fields 
for  exploration  and  it  was  for  that  purpose  that  the  Institute's  high  volt- 
age x-ray  machine  was  built. 

An  obvious  phase  of  research  was  to  determine  how  much  increase  in 
penetration  of  the  body  tissues  is  obtained  by  raising  the  voltage  of  x-rays 
used,  always  remembering  that  there  is  an  element  of  cost  which  should 
not  be  exceeded.  For  the  problem  of  curing  cancer  is  not  the  treatment 
of  a  few  patients  in  endowed  institutions  with  expensive  apparatus;  it  is 
rather  the  accessibility  of  the  individual  throughout  the  entire  country  to 
a  type  of  treatment  which  can  be  administered  by  the  physician  not 
trained  as  an  electrical  engineer.  There  is  available  at  the  present  time,  at 
a  moderate  price,  x-ray  apparatus  which  gives  off  radiations  at  200,000 
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volts.  Are  these  to  be  abandoned  and  engineers  asked  to  build  tubes  for 
higher  voltages,  or  is  the  penetration  obtainable  with  the  lower  voltage 
satisfactory? 

To  attack  this  simple  problem  accurate  methods  of  measuring  the  dis- 
tribution of  x-ray  in  a  substance  such  as  water,  which  has  about  the  same 
absorbing  power  as  tissue,  are  essential.  But  an  accurate  instrument  for 
measuring  doses  of  high-voltage  radiations  is  still  unavailable.  The  com- 
mercial instruments,  adequate  for  use  at  voltages  up  to  200,000,  do  not 
serve  at  400,000  to  900,000.  For  this  reason  the  biological  method  of  meas- 
urement has  been  employed.  An  extensive  series  of  experiments  by  Dr. 
Packard  reveals  the  fact  that  as  the  voltage  rises  above  220,000,  the  bio- 
logical dose,  indicated  by  the  reaction  of  the  fruit-fly  eggs,  grows  substan- 
tially less  than  the  dose  registered  by  the  dosimeter.  At  900,000  volts  the 
difference  is  20  per  cent.  It  would  simplify  the  practice  of  dosage  measure- 
ment if  a  dosimeter  could  be  devised  which  would  measure  correctly  the 
biological  effectiveness  of  radiation  produced  at  any  voltage  between 
1,000,000  and  200,000.  This  question  is  now  under  investigation  in  the 
Institute.  But  the  solution  of  these  problems  of  accurate  physical  measure- 
ment must  await  further  investigation.  In  the  meantime,  however,  the 
practical  question  of  the  amount  of  radiation  which  penetrates  to  a  depth 
below  the  surface  can  be  studied  by  means  of  the  biological  method  em- 
ploying the  eggs  of  the  fruit-fly,  Drosophila. 

Closely  related  to  this  question  is  the  problem  of  scattered  radiation  in 
the  tissues.  At  the  lower  voltages  the  x-rays  are  scattered  more  or  less 
equally  in  all  directions,  a  considerable  proportion  reversing  their  direc- 
tion so  that  they  return  to  the  skin.  As  the  voltage  rises  there  is  less  and  less 
of  this  back-scattered  radiation,  most  of  the  scattered  rays  being  thrown 
forward  in  the  line  in  which  the  incident  beam  is  moving.  So,  assuming 
that  a  patient  is  being  treated,  the  proportion  of  x-rays  deflected  backward 
toward  the  source  is  much  less  than  when  lower  voltages  are  used.  Thus 
the  skin  does  not  receive  the  extra  and  often  damaging  dose,  whereas  the 
internal  growth  which  is  being  rayed  gets  the  direct  and  most  of  the  scat- 
tered radiation.  The  exact  determination  of  the  amount  of  back -scattered 
radiation  and  of  dosages  at  a  depth  in  tissue  is  frequently  difficult  or  im- 
possible to  make  with  physical  instruments.  Since  the  human  body  is  not 
a  physical  apparatus  in  the  strict  sense  of  the  word,  except  that  it  burns 
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its  food  just  as  any  fuel  is  burned  in  a  machine,  it  is  necessary  to  test  all 
these  points  with  a  biological  object.  That  object  is  the  egg  of  the  fruit- 
fly  Drosophila,  which  the  readers  of  previous  reports  will  know  has  been 
employed  for  many  years  in  the  Institute  for  biological  studies. 

During  the  year  1937-38  the  studies  on  x-ray  have  been  concerned  with 
the  biological  measurement  of  radiations  of  low  voltage  (75  and  90  kv) 
and  of  high  voltage  (300  to  900  kv).  The  former,  which  are  in  the  range 
used  by  dermatologists,  were  tested  in  order  to  determine  whether  the  com- 
mercial measuring  apparatus  registers  them  correctly,  judged  by  the  bio- 
logical standard.  It  was  found  that  when  a  filter  is  used  to  remove  the 
softest  rays,  the  physical  and  biological  measurements  agree.  This  is  not 
true  when  unfiltered  rays  are  used.  The  dose  registered  by  the  thimble 
chamber  is  10  per  cent  lower  than  that  indicated  by  the  eggs,  showing 
that  the  very  soft  components  of  the  unfiltered  beam  do  not  penetrate 
the  chamber  to  the  same  degree  as  they  do  the  minute  eggs.  In  these  tests 
the  intensity  of  the  radiation  was  about  20  r  per  minute.  When  the  inten- 
sity is  increased  to  about  50  r  per  minute  this  difference  tends  to  disap- 
pear, since  with  this  rate  the  eggs  are  somewhat  less  sensitive  than  they 
are  to  lower  intensities. 

When  the  intensity  of  the  filtered  or  unfiltered  radiation  is  greatly  re- 
duced— to  about  8  r  per  minute — the  eggs  are  also  less  sensitive  than  they 
are  to  moderate  intensities,  as  is  also  known  to  be  true  of  the  human  skin 
and  of  photographic  film  when  exposed  to  low  light  intensities.  At  8  r 
per  minute  the  biological  dose  measured  with  the  eggs  is  10  per  cent  less 
than  the  physical  dose.  This  point  is  of  interest  in  connection  with  the  so- 
called  Regaud-Coutard  type  of  therapy  in  which  small  doses  are  given, 
and  with  gamma  ray  treatments,  for  the  latter  radiation  is  also  of  low  in- 
tensity. It  is  certain,  then,  that  therapeutic  doses  given  at  low  intensity  are 
smaller  from  the  biological  standpoint  than  the  physical  measurements 
would  indicate,  which  means  that  the  eggs,  or  the  tumor  cells  being 
treated,  repair  some  of  the  damage  inflicted  on  them  while  they  are  un- 
dergoing treatment.  This  fact  is  the  basis  of  the  Coutard  treatment 
mentioned  above,  for  the  small  doses  given  enable  the  healthy  cells  to  re- 
cuperate while  the  tumor  cells,  which  are  usually  more  sensitive,  cannot 
recover  so  completely. 

The  amount  of  unfiltered  90  kv  radiation  scattered  back  from  the  sur- 
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face  of  the  human  body  or  a  water  surface  used  as  a  standard  has  also 
been  studied.  For  convenience  the  Victoreen  dosimeter  was  used  to 
measure  the  incident  beam  in  air,  correcting  the  readings  by  adding  10 
per  cent,  as  explained  above.  Then  the  eggs  were  floated  in  a  suitable 
container  on  the  surface  of  the  water  and  the  percentage  killed  was  de- 
termined. The  observations  show  that,  under  the  conditions  of  the  ex- 
periment, the  back-scattered  radiation  amounts  to  about  n  per  cent  of 
the  incident  beam. 

The  biological  measurement  of  back-scattered  radiation  and  percent- 
age depth  doses  for  voltages  from  400  to  900  kv  has  been  made  in 
collaboration  with  Mr.  Frank  M.  Exner.  The  fly  eggs  were  exposed 
simultaneously  at  the  two  levels.  It  appears  that  the  amount  of  back- 
scattered  radiation  diminishes  very  rapidly  as  the  voltage  rises;  at  900  kv 
it  is  only  4  per  cent  of  the  incident  beam.  The  percentage  depth  dose,  on 
the  other  hand,  increases  somewhat  with  the  higher  voltages.  The  results 
indicate  that  should  the  voltage  be  raised  well  above  900  kv,  the  depth 
doses  will  increase  little,  if  any.  This  is  in  agreement  with  the  theoretical 
conclusions  of  Professor  C.  C.  Lauritsen,  of  the  California  Institute  of 
Technology. 

During  the  year  an  analysis  of  depth  dose  data  published  during  the 
past  fifteen  years,  mostly  at  200,000  volts,  was  made  by  Dr.  Packard  in 
order  to  determine  whether  there  was  any  order  in  the  widely  divergent 
results.  Comparisons  showed  that  the  rate  of  increase  in  the  magnitude  of 
the  10  cm.  depth  dose,  with  increasing  portal  areas,  focal  distances,  and 
half-value  layers  of  incident  beam,  can  be  expressed  in  simple  terms.  It  is 
now  possible  to  calculate  approximate  depth  doses  at  practically  any  level 
below  the  surface,  within  a  wide  range  of  conditions  of  radiation. 

During  the  first  year  of  operation  of  the  1,000,000-volt  generator  the 
Institute  physicist,  Mr.  Frank  M.  Exner,  has  spent  a  part  of  his  time  in 
systematizing  the  daily  routine,  which  is  in  the  hands  of  an  assistant,  de- 
termining operating  voltages,  calibrating  and  aligning  treatment  beams, 
and  making  small  changes,  repairs,  and  improvements.  The  voltage  used 
for  most  of  the  treatment  of  patients  this  year  has  been  between  700  and 
800  kv. 

Since  there  is  as  yet  no  general  agreement  on  how  to  define  a  physical 
unit  which  will  permit  dosage  to  be  measured  on  the  same  basis  for  x-rays 
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produced  at  any  voltage,  and  for  the  gamma  rays  of  radium,  it  was 
deemed  wise  for  Mr.  Exner  to  spend  some  time  in  England  and  Belgium 
studying  the  method  of  measurement  advocated  in  chose  countries, 
especially  the  use  of  small  thick-walled  graphite  ionization  chambers. 
For  the  higher  voltage  range  it  has  been  assumed  that  these  may  be  quite 
satisfactory.  Reference  has  been  made  to  the  fact  that  the  doses  of  radia- 
tion above  400  kv  measured  by  the  biological  method  are  approximately 
20  per  cent  lower  than  those  determined  by  a  commercial  dosimeter  and 
with  a  graphite  chamber  of  the  usual  type.  This  difference  is  in  the  same 
direction  as  the  larger  difference  previously  found  between  measure- 
ments of  radium  gamma  rays  by  the  fruit-fly  eggs  and  by  graphite 
chambers.  The  question  of  the  meaning  of  this  difference  is  now  under 
investigation.  However,  pending  general  agreement  on  a  satisfactory 
physical  unit,  the  commercial  measuring  apparatus  used  for  checking  the 
dosage  for  patients  treated  with  high-voltage  radiation  in  the  Institute  is 
calibrated  directly  in  biological  units  based  on  the  killing  effect  of  the 
radiation  on  fruit-fly  eggs,  using  the  procedure  developed  by  Professor 
Packard.  The  technic  and  the  results  obtained  have  been  the  subject  of 
many  papers  published  in  the  past  twelve  years. 

Mr.  Exner,  in  collaboration  with  Professor  Packard,  has  made  further 
progress  in  the  work  of  measuring  the  biologically  effective  surface  and 
depth  doses  in  a  "water  phantom"  with  the  high-voltage  apparatus,  using 
the  fruit-fly  eggs  as  dosage  indicators. 

Mr.  Exner  is  continuing  the  construction  and  adjustment  of  some  deli- 
cate apparatus  for  certain  physical  measurements  on  high-voltage  radia- 
tion, which  were  begun  last  year  with  the  help  of  Dr.  Louis  Henry,  of 
Brussels.  Among  other  results  of  this  work,  he  expects  to  be  able  to  meas- 
ure homogeneous  x-ray  absorption  coefficients  by  a  new  method  as  a 
check  on  results  obtained  by  the  usual  crystal  diffraction  technic  which 
becomes  very  difficult  with  high-voltage  radiation.  These  results  are  of 
theoretical  importance  as  well  as  of  practical  use  in  radiology.  By  arrang- 
ing the  patients  on  a  suitable  schedule  it  has  been  possible  to  conduct  the 
physical  and  biological  studies  without  much  interruption.  Plans  are  un- 
der way  for  adapting  the  x-ray  generator  for  use  as  a  source  of  million- 
volt  electrons  under  such  conditions  as  to  permit  investigation  of  some 
biological  and  physical  questions  concerning  electrons  of  energies  around 
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1,000,000  volts.  Some  of  these  questions  also  have  a  bearing  on  current 
problems  in  theoretical  physics. 

The  use  of  the  high-voltage  generator  has  been  granted  to  investigators 
both  from  this  and  other  universities  who  have  had  experiments  needing 
large  quantities  of  high-voltage  x-ray.  For  instance,  Professor  John  W. 
Gowen,  of  the  Department  of  Genetics  of  Iowa  State  College,  was  inter- 
ested in  exposing  the  tobacco  virus  to  large  quantities  of  x-ray.  So  great 
is  the  yield  of  the  machine  that  the  material  could  be  given  a  dose  of 
450,000  Roentgen  units  in  a  few  hours.  One-hundredth  of  this  amount 
could  kill  a  human  being,  but  the  virus  was  only  slightly  damaged. 

It  is  obvious  that  chemical  changes  induced  by  x-rays  must  be  at  the 
foundation  of  the  destruction  of  the  cancer  cell.  The  amount  needed  for 
such  destruction  is  relatively  small.  Yet  it  has  never  been  possible  to  study 
chemically  the  changes  which  bring  about  the  death  of  the  cell  and  which 
may  be  accomplished,  in  general,  with  about  3,500  Roentgen  units  given 
at  one  time.  Slight  alterations  in  permeability  of  the  cell  membrane, 
which  results  in  a  swelling  of  the  cell  itself,  slight  morphological  changes 
in  the  Golgi  bodies  and  the  mitochondria,  clumping  of  the  chromosomes 
and  interference  with  the  completion  of  mitotic  division,  have  been 
noted,  but  what  is  the  fundamental  change  in  the  chromosomes,  for  ex- 
ample, is  not  known. 

It  might  be  advantageous  if  a  pure  nucleoprotein,  which  is  one  of  the 
chief  constituents  of  the  chromosome,  could  be  exposed  to  extremely 
large  quantities  of  x-ray,  to  see  whether  recognizable  destruction  of  any 
of  the  elements  of  which  this  nucleoprotein  is  composed  could  be  ob- 
served when  working  with  a  sufficiently  large  material,  for  it  may  be  that 
the  study  of  the  alterations  produced  in  such  artificial  cells  would  cast 
light  upon  the  mechanism  of  the  change  in  the  delicate  living  organism, 
whose  chemistry  escapes  our  analysis. 

Experiments  in  this  line  are  under  consideration  by  Professor  Packard 
and  Mr.  Exner  and  will,  no  doubt,  offer  interesting  results. 

It  has  been  possible  to  make  these  plans  only  because  of  a  large  grant 
from  the  John  and  Mary  R.  Markle  Foundation. 

Summing  up  the  recent  experimental  work  which  has  been  done  on 
the  measurement  of  the  back  scatter  and  the  depth  doses  in  a  water  phan- 
tom by  Professor  Packard  and  Mr.  Exner,  and  also  from  a  study  of  the 
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reactions  of  patients  rayed  with  a  commercial  200,000-volt  machine  and 
the  same  patients  rayed  with  700,000,  800,000,  or  even  higher  voltages  of 
the  machine  of  the  Institute,  the  conclusion  seems  to  be  justified  that  there 
is  no  advantage  in  using  voltages  over  700,000.  At  this  point  the  back 
scatter  has  fallen  to  approximately  5  per  cent,  and  only  a  very  small  in- 
crease in  penetration  can  be  expected  at  voltages  even  as  high  as  2,000,000. 
Professor  Bouwers,  of  Eindhoven,  in  fact,  has  said  that  at  3,000,000 
volts  the  radiation  has  no  greater  penetration  than  at  1,000,000,  so  there  is 
no  reason  to  think  that  anything  can  be  gained  by  going  to  these  enor- 
mous and  expensive  voltages.  That  there  is  any  unexpected  biological 
effect  between  x-rays  at  1,000,000  and  x-rays  at  3,000,000  volts  as  com- 
pared to  x-rays  at  700,000  volts  is  entirely  negatived  by  the  fact  that 
radium,  which  gives  off  some  radiation  as  high  as  2,000,000  volts,  and 
mesothorium,  which  rises  to  3,000,000,  have  been  used  in  the  treatment  of 
patients  for  many  years  without  any  evidence  that  one  was  better  than  the 
other. 

The  fact  that  for  the  treatment  of  deep-seated  lesions  the  radiation  pro- 
duced at  200,000  volts  is  probably  about  the  worst  that  can  be  employed, 
because  of  the  high  back  scatter  from  the  tissues  to  the  skin  at  that  volt- 
age, was  foreshadowed  by  Professor  C.  C.  Lauritsen,  of  the  California 
Institute  of  Technology,  who  based  his  conclusion  upon  a  purely  theo- 
retical assumption  that  the  Klein-Nishina  scatter  formula  was  valid  over 
a  considerable  range  of  voltages,  but  the  direct  proof  with  biological  ma- 
terial is  now  offered  for  the  first  time  by  Professor  Packard  and  Mr. 
Exner. 

As  the  depth  dose  ceases  to  increase  and  the  back  scatter  cannot  be  very 
much  diminished  by  higher  and  much  more  costly  voltages,  the  problem 
of  the  construction  of  the  most  suitable  machine  for  the  treatment  of  in- 
ternal tumors  in  human  beings  is  now  one  for  the  electrical  engineers  to 
solve.  As  a  matter  of  fact,  the  solution  has  already  been  approached  by 
Professor  Bouwers,  of  Philips  Metalix,  Eindhoven,  who  demonstrated  at 
the  Fifth  International  Congress  of  Radiology  in  Chicago  some  eight- 
een months  ago  a  sealed  1,000,000-volt  x-ray  tube.  At  present  such  a  tube 
is  expensive,  while  a  700,000-volt  tube  would  be  cheaper,  and  the  accessory 
apparatus  could  be  smaller  and  the  results  just  as  good. 

Then,  those  who  treat  cancer  could  turn  their  attention  to  another 
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unsolved  problem:  What  makes  the  tumor  cell  radiosensitive  or  radio- 
resistant, and  can  the  radioresistant  cell  be  made  more  radiosensitive? 
For  many  years  the  attempt  has  been  made  to  increase  the  sensitivity  by 
injecting  heavy  metals  into  the  tissues  but  this  has  failed,  and  research 
must  attack  in  another  direction.  Apparently  the  so-called  short  wave 
lengths  of  the  radio  type  which  can  heat  the  tissues  offer  some  line  for 
study,  but  it  is  doubtful  whether  heat  can  be  concentrated  in  a  neoplasm 
in  sufficient  amount  to  add  much  to  the  effectiveness  of  the  radiation. 
Several  observers  have  thought  that  the  gain  was  about  10  per  cent,  but 
this  does  not  solve  the  problem  of  curing  the  highly  resistant  types  of 
cancer.  This  is  a  question  which  can  only  be  solved  by  further  laboratory 
investigation  and  by  the  careful  clinical  study  of  patients  under  treat- 
ment. 

Drs.  Maynie  R.  Curtis  and  Wilhelmina  F.  Dunning,  with  Professor 
Wood,  have  continued  the  experiments  on  the  etiology  and  genetic  rela- 
tionships of  Cysticercus  sarcoma  which  they  had  conducted  in  association 
with  Dr.  Frederick  D.  Bullock  until  his  death,  August  15, 1937.  An  analy- 
sis of  the  age,  sex,  and  genetic  factors  underlying  the  natural  immunity 
of  some  rats  to  Cysticercus  disease  is  in  progress.  Taenia  larvae  or  oncho- 
spheres  liberated  by  the  in  vitro  digestion  of  their  shells  failed  to  grow 
when  injected  directly  into  the  tissues  of  the  rat,  but  larvae  grew  and  de- 
veloped normally  when  similarly  liberated  and  injected  in  the  subcuta- 
neous tissues  in  coagulated  ox  plasma,  at  the  site  of  a  simultaneously 
produced  hemorrhage  or  when  supported  by  a  fragment  of  sponge 
coated  with  a  blood  clot. 

Sterile  larvae  injected  into  the  tail  veins  of  rats  failed  to  develop  nor- 
mally in  the  lungs,  but  when  fragments  of  lung  tissue  from  similarly 
injected  rats  were  removed  two  and  three  days  after  the  injection  and 
were  transplanted  to  the  subcutaneous  tissues  of  other  rats  the  larvae 
developed  normally.  Normal  development  of  the  larvae  in  the  subcuta- 
neous tissues  resulted  from  the  injection  of  minced  liver  from  rats  fed  three 
and  four  days  previouly  with  artificially  liberated  onchospheres.  These 
results  tend  to  confirm  the  supposition  that  the  capillary  wall  or  some 
form  of  support  is  essential  to  the  initial  stages  of  development  of  the 
Cysticercus  larva,  just  as  a  tumor  graft  requires  a  vascular  organization 
and  a  tissue  culture  a  supporting  fibrin  network. 
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Attempts  to  infest  cats,  the  normal  host  of  the  adult  stage  of  this  para- 
site, with  the  larval  stage  have  so  far  failed.  Six  kittens  were  injected  in 
the  portal  vein  with  a  solution  of  trypan  blue  containing  sterile  oncho- 
spheres,  and  twenty  kittens  were  fed  nonsterile  larvae  in  a  medium  ad- 
justed to  the  proper  reaction  for  the  digestion  of  the  shells  and  the 
motility  of  the  organism.  To  date  more  than  half  of  the  cats  have  been 
autopsied  and  all  have  been  negative,  while  the  rats  used  as  controls  were 
successfully  infested  with  similar  material. 

Drs.  Curtis  and  Dunning  have  also  continued  to  cooperate  with  Dr.  R. 
J.  Anderson,  Professor  of  Chemistry  at  Yale  University,  in  an  attempt  to 
isolate  the  carcinogenic  agent  which  is  associated  with  the  Cysticercus 
larva.  Several  hundred  grams  of  dried  Cysticercus  larvae  have  been  pre- 
pared for  chemical  analysis.  Approximately  three  hundred  rats  have  been 
injected  with  one  or  another  of  six  fat-soluble  fractions  derived  from  the 
dried  larvae.  These  fractions  have  been  injected  subcutaneously  in  the 
same  manner  as  the  known  carcinogenic  agents,  that  is,  as  a  1  per  cent 
solution  in  warm  paraffin  wax.  The  majority  of  animals  in  each  group 
are  still  alive,  but  seven  to  ten  months  have  elapsed  since  they  were  in- 
jected and  no  tumors  have  as  yet  been  observed. 

The  protein  fractions  derived  from  these  larvae  are  also  being  tested 
for  their  immunological  properties.  The  proteins  are  dissolved  by  rub- 
bing carefully  with  a  glass  rod  in  a  measured  amount  of  0.3  normal  so- 
dium hydroxide  and  adding  an  exactly  equal  amount  of  0.3  normal 
acetic  acid.  Each  rat  is  given  five  intraperitoneal  injections  over  a  period 
of  ten  days  of  1  cc  of  a  0.2  per  cent  solution  of  the  protein  and  eight  to  ten 
days  later  is  fed  a  drop  of  an  aqueous  solution  containing  in  suspension 
200  Taenia  eggs.  Controls  receive  similar  injections  of  equal  parts  of  0.3 
N  sodium  hydroxide  and  acetic  acid  and  are  similarly  infested.  Three 
protein  fractions  have  been  tested,  and  two  more  fractions  are  ready  to 
test,  but  the  studies  are  as  yet  incomplete. 

The  data  are  now  nearly  completed  on  a  series  of  2,000  rats  which  were 
injected  subcutaneously  in  from  one  to  six  foci  with  a  solution  of  varying 
strengths  of  3, 4-benzpyrene  in  paraffin  wax.  Data  have  also  been  taken  on 
the  incidence  of  tumors  in  800  rats  injected  some  with  a  1  per  cent  and 
some  with  a  l/2  per  cent  solution  of  methylcholanthrene.  A  preliminary 
analysis  of  the  single  injections  from  these  five  series  has  been  completed. 
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Of  thirteen  rats  injected  with  2.0  mg.  of  dibenzanthracene,  nine  survived 
283  days,  the  minimum  time  before  the  observation  of  a  tumor,  and  seven, 
or  78  per  cent,  developed  tumors.  Of  169  rats  injected  with  2.0  mg.  of  3, 
4-benzpyrene,  130  survived  the  minimum  time  of  ninety-six  days  and  103, 
or  79  per  cent,  developed  tumors.  Among  fifty-six  rats  injected  with  2.0 
mg.  of  methylcholanthrene,  forty-three  survived  seventy-five  days  and 
thirty-one,  or  72  per  cent,  developed  tumors.  That  is,  a  single  injection  of 
2.0  mg.  of  each  of  the  three  hydrocarbons  tested  produced  tumors  in  a  not 
significantly  different  per  cent  of  the  animals  injected.  The  minimum  and 
average  time  from  the  injection  to  the  observation  of  the  tumors  varied 
considerably.  The  minimum  number  of  days  from  injection  to  observa- 
tion of  a  tumor  was  283  days  for  dibenzanthracene,  ninety-six  days  for 
benzpyrene,  and  seventy-five  days  for  methylcholanthrene,  and  the  aver- 
age times  were  405, 194,  and  163  days  respectively.  The  dibenzanthracene 
was  a  somewhat  crude  product  and  a  second  test  is  being  made  with  a 
new  lot  of  highly  purified  sample  produced  in  Switzerland.  A  single  in- 
jection of  1  mg.  of  methylcholanthrene  was  given  to  fifty-three  rats,  and 
forty  of  the  forty-five  which  survived  the  minimum  number  of  days  de- 
veloped tumors.  Decreasing  the  methylcholanthrene  dose  by  one-half  did 
not  decrease  the  per  cent  of  tumors  produced  but  did  increase  the  mini- 
mum time  from  seventy-five  to  10 1  days  and  the  average  time  from 
injection  to  the  observation  of  the  tumors  from  163  days  to  183  days. 

Similar  injections  of  dilute  solutions  of  benzpyrene  seemed  to  show  a 
decrease  in  the  per  cent  of  tumors  produced  with  the  decrease  in  dose  of 
the  carcinogenic  agent.  That  is,  0.5  mg.  of  benzpyrene  produced  only 
twenty-three,  or  46  per  cent  of  tumors  in  fifty  rats  which  survived  123,  or 
the  minimum  number  of  days,  and  0.2  mg.  produced  only  six  tumor- 
bearers  out  of  thirty-four  rats  which  survived  the  minimum  of  109  days. 
The  mean  number  of  days  from  injection  to  the  observation  of  the  tumors 
was  266  days  for  0.5  mg.  and  244  days  for  0.2  mg.,  compared  with  194 
days  for  2.0  mg.  The  number  of  tumors  is  too  few  to  compare  the  two 
smaller  doses  with  each  other,  but  the  average  time  was  longer  than  was 
observed  for  the  larger  dose  of  2.0  mg.  The  completed  analysis  of  the 
multiple  injections  from  these  five  series  of  experiments  will  undoubtedly 
show  the  relationship  between  the  dose  and  the  surface  area  of  the  tissue 
irritated  in  respect  to  the  incidence  of  the  tumors  and  the  time  element. 
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The  analysis  of  the  records  obtained  through  the  cooperation  of  Dr. 
Carl  Reich,  hematologist  at  Lenox  Hill  Hospital,  on  the  changes  in  the 
morphology  of  the  blood  accompanying  the  injection  of  the  carcino- 
genic chemicals  and  the  incidence  of  the  chemically  induced  tumors  is  in 
progress. 

A  variety  of  investigations  has  been  carried  on  during  the  past  year 
in  the  field  of  tissue  culture.  In  an  article  recently  published  by  Dr.  Jo- 
hannes P.  M.  Vogelaar  and  Miss  Eleanor  Erlichman,  a  formula  for  a 
feeding  solution  of  known  composition  was  given  with  which  excellent 
results  were  obtained  with  both  human  and  animal  tissues.  It  contains 
glycine  in  a  concentration  low  enough  to  obviate  any  inhibiting  action 
on  tissue  growth  which  this  amino  acid  exerts  so  strikingly  when  pres- 
ent in  the  culture  medium  in  a  high  concentration.  To  what  extent 
the  glycine  is  utilized  during  the  growth  of  the  explant  is  not  known,  al- 
though it  is  very  probable  that  it  plays  some  part  in  the  synthesis  of  proto- 
plasm, judging  from  some  results  secured  by  us  and  by  Dr.  Carrel  and  his 
co-workers  in  other  experiments.  The  present  culture  medium  is  theo- 
retically imperfect  in  four  respects:  (a)  The  plasma  used  in  its  prepara- 
tion should  be  replaced  by  a  medium  of  known  composition;  (b)  only 
three  of  the  twenty-odd  amino  acids,  usually  considered  necessary  for 
growth  in  general,  are  present  in  a  free  form  in  the  culture  medium. 
There  can  be  no  doubt  about  the  desirability  of  adding  other  amino  acids 
to  those  already  present,  (c)  The  addition  of  some  of  the  vitamins  and 
hormones  may  improve  the  suitability  of  the  medium  for  the  growth  in 
vitro  of  various  kinds  of  human  and  animal  tissues,  for  it  is  becoming 
more  and  more  evident  that  each  type  of  tissue  and  also  the  tissues  from 
different  species  require  modification  of  the  growth  medium  to  obtain 
the  best  results;  (d)  it  is  also  probable  that  further  improvement  will 
result  from  the  addition  of  certain  trace  elements,  such  as  silicon,  manga- 
nese, and  others. 

A  long  series  of  experiments  has  been  carried  on  with  the  purpose  of 
improving  the  culture  medium  along  the  lines  indicated  above.  Fibrogen 
solutions  have  been  prepared  which  could  be  used  instead  of  plasma.  The 
technical  obstacles  which  presented  themselves,  however,  are  still  so  great 
that  it  does  not  seem  very  probable  that  plasma  can  be  replaced  by  a 
fibrogen  solution  at  the  moment,  but  there  is  little  doubt,  however,  that 
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this  substitution  will  ultimately  be  accomplished.  Experiments  with  sev- 
eral amino  acids  are  being  carried  on  systematically  and  will  result  in  a 
much-needed  knowledge  of  the  significance  of  amino  acids  for  the 
growth  and  maintenance  in  vitro  of  various  human  tissues. 

As  far  as  the  addition  of  vitamins  is  concerned,  it  was  found  that  Vita- 
min C  is  very  beneficial  to  the  growth  of  mouse  sarcoma.  The  outcome 
of  these  experiments  was  discussed  extensively  in  an  article  published  last 
year.  Because  of  these  results,  similar  experiments  were  recently  per- 
formed on  a  rat  sarcoma,  but  no  beneficial  influence  of  the  vitamin  was 
observed.  Some  experiments  were  performed  on  cultures  of  human  fibro- 
blasts, but  no  striking  effects  have  been  noted,  although,  obviously,  the 
subject  has  by  no  means  been  exhausted. 

The  good  results  obtained  with  the  culture  medium  on  mouse  tissue 
made  it  desirable  to  try  it  also  on  tissues  of  other  animals.  A  transplant- 
able plasma-cell  rat  tumor  (C.  F.  IRS  6820)  showed  a  vigorous  growth  in 
the  medium.  Cultures  of  this  tumor  were  used  to  study  the  significance 
of  Vitamin  C.  Its  addition  to  the  medium  did  not  induce  any  improve- 
ment of  growth.  In  this  respect  this  tumor  behaves  differently  from  mouse 
sarcoma  180.  The  disparity  may  be  due  to  the  fact  that  various  tissues  need 
a  specific  oxidation-reduction  potential  of  the  surrounding  medium. 
There  can  be  no  doubt  that  the  oxidation-reduction  potential  of  the 
medium  is  as  important  for  cell  life  in  general  as  the  pH,  but,  unfortu- 
nately, very  little  is  known  about  it.  Cultures  of  the  same  animal  tumor 
were  also  used  to  study  the  influence  of  the  growth  hormone  of  the  pitui- 
tary gland.  The  addition  of  this  hormone  did  not  show  any  stimulating 
effect  on  the  neoplasm.  This,  of  course,  does  not  mean  that  this  hormone 
is  of  no  importance,  since  it  is  quite  possible  that  the  culture  medium  was 
deficient  in  some  other  factor  necessary  for  the  function  of  the  growth 
hormone. 

It  seems  very  probable  that  the  medium  could  be  improved  by  the 
addition  of  certain  trace  elements  such  as  manganese,  zinc,  silicon,  iodine, 
and  bromine,  the  significance  of  which  for  the  body  is  not  entirely  clear. 
More  is  known,  of  course,  about  iodine  as  it  is  present  in  thyroxin,  the 
thyroid  hormone  which  is  responsible,  among  other  functions,  for  meta- 
bolic regulation  of  the  body.  The  amount  of  the  inorganic  iodine  of  the 
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blood  is  rather  constant.  A  number  of  experiments  have  been  performed 
with  culture  media  containing  inorganic  iodine  in  various  concentrations. 
A  very  good  growth  of  human  fibroblasts  was  obtained  in  a  medium 
containing  a  physiological  amount  of  iodine.  Indeed,  some  of  the  cultures 
were  among  the  best  ever  obtained,  and  iodine  has  been  made  a  regular 
constituent  of  the  culture  medium.  Unexpectedly,  too,  it  was  found  that 
cultures  can  grow  vigorously  in  media  in  which  a  good  deal  of  the 
chloride  was  replaced  by  iodide.  These  media  contained  inorganic  iodine 
in  concentrations  many  thousand  times  higher  than  that  which  occurs  in 
the  body  fluids.  Experiments  are  now  under  way  to  find  out  whether  any 
concentration  can  be  reached  where  iodine  exerts  an  inhibiting  influence 
on  the  growth.  Similar  experiments  were  performed  by  Mr.  Bartfeld  on 
the  plasma  cell  tumor  mentioned  above.  It  was  found  that  this  tissue  also 
grows  well  with  high  concentration  of  inorganic  iodine,  but  no  specific 
influence  of  this  element  on  the  growth  was  observed. 

In  a  previous  report,  mention  was  made  of  a  new  cultivation  technic  for 
tissue  which  would  enable  the  permanent  perfusion  of  the  culture 
medium  with  a  feeding  solution  of  known  composition.  There  can  be 
hardly  any  doubt  that  this  method  which  permits  the  equal  growth  of 
cells  in  every  direction  could  be  used  advantageously  for  the  mass  cultiva- 
tion of  tissue  and  hence  production  of  biologically  important  substances 
such  as  antibodies.  This  method  can  only  be  employed  under  circum- 
stances of  strict  asepsis,  since  several  hundred  cubic  centimeters  of  culture 
medium  must  be  used  and  a  single  contaminating  organism  may  spoil  a 
month's  work. 

In  collaboration  with  Dr.  Frederick  Prime  experiments  are  being  car- 
ried on  to  determine  the  lethal  dose  of  x-rays  for  young  and  old  cultures 
of  normal  connective  tissues  from  both  man  and  animals.  The  results,  so 
far,  agree  with  conclusions  published  years  ago  from  the  Crocker  Labora- 
tory that  rapidly  growing  connective  tissues  are  destroyed  by  about  the 
same  amount  of  x-ray  as  are  sarcomata  from  the  same  species  of  animals. 

In  previous  reports  by  Dr.  Jacob  Heiman  the  relationship  between 
various  hormones  and  tumor  growth  has  been  discussed.  The  morphol- 
ogy of  transplanted  mammary  tumors  and  that  of  the  endocrine  glands 
has  been  observed  in  various  sex  and  age  groups  from  the  sexually  im- 
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mature  to  the  senile.  A  recent  publication  dealt  exhaustively  with  the 
morphology  of  the  anterior  pituitary  in  several  hundred  tumor-bearing, 
control,  immune,  and  castrated  rats. 

Detailed  morphologic  studies  were  continued  on  the  ovaries,  testes, 
thyroid,  and  adrenals  of  the  same  series.  The  group  of  animals  with 
grafted  mammary  adenomata  and  cystadenomata  showed  a  greater  per- 
centage of  ovarian  cysts  (83  per  cent)  than  the  group  with  fibroadenom- 
ata  (26.9  per  cent).  The  group  with  fibromata  showed  10  per  cent 
ovarian  cysts,  while  that  with  sarcomata  showed  no  ovarian  cysts.  Control 
adult  females  showed  ovarian  cysts  in  10  per  cent  of  the  group,  while 
animals  resistant  to  tumor  growth  showed  a  high  percentage  of  involuted 
or  fibrotic  ovaries  (90  per  cent).  Of  a  group  of  normal  rats  injected  with 
combined  estrogenic  and  gonadotropic  hormones,  47.9  per  cent  showed 
ovarian  cysts,  and  37  per  cent  showed  marked  hyperplasia  of  the  breast  or 
induced  fibroadenomata.  In  a  group  of  animals  studied,  including  normal 
and  tumor-bearing  rats,  cysts  were  found  in  the  thyroid,  pituitary,  and 
mammary  glands  in  15.5  per  cent  of  tumor-bearing  or  hormone-injected 
rats.  In  the  same  number  of  animals,  ovarian  cysts  occurred  in  32.1  per 
cent,  or  more  than  double  the  percentage  of  cysts  in  all  the  other  endo- 
crine glands  combined.  Tumor-bearing  animals  which  were  also  injected 
with  the  same  hormonal  combination  showed  an  increase  in  the  number 
of  cysts  in  the  ovary  and  other  endocrine  glands.  A  few  of  the  injected 
animals  showed  cystic  kidneys,  probably  due  to  the  elimination  of  large 
amounts  of  estrogenic  substance  in  oil  after  injection.  Castrated  tumor- 
bearing  animals  showed  a  high  percentage  of  thyroid  cysts.  One  old 
normal  male  rat  carrying  a  large  spontaneous  mammary  fibroma  showed 
cystic  degeneration  of  the  testes. 

Further  studies  are  being  continued  on  growth  behavior  and  morphol- 
ogy of  benign  transplanted  subcutaneous  tumors  in  castrated  rats  with  or 
without  hormonal  injection.  It  was  noted  that  the  latent  period  was  con- 
siderably reduced  and  the  rate  of  tumor  growth  accelerated  in  male 
castrates,  while  the  reverse  was  evident  in  female  castrates.  Since  these 
and  other  variations  occurred,  experimental  evidence  was  sought  to 
determine  the  influence  of  various  hormones  injected  subcutaneously  in 
the  above  groups.  The  injections  of  combined  gonadotropic  and  estro- 
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genie  hormones  in  male  castrates  raised  the  growth  incidence  of  trans- 
planted tumor  to  ioo  per  cent.  In  castrated  tumor-grafted  females  where 
the  growth  incidence  dropped  to  16  per  cent,  it  was  restored  to  60  per  cent 
after  similar  injections.  This  percentage  approximates  the  growth  of  the 
same  tumor  in  normal,  uninjected  females  which  previous  observations 
have  shown  to  be  about  66  per  cent. 

The  influence  of  male  sex  hormones  is  under  investigation  in  a  series  of 
tumor-bearing  rats  both  normal  and  castrated. 

Dr.  Milton  J.  Eisen  is  carrying  on  three  general  lines  of  hormone  work : 
(1)  Effect  of  administration  of  various  estrogens  in  rats  and  mice  of  dif- 
ferent strains,  also  of  estrogen  in  conjunction  with  the  anterior  pituitary 
sex  hormone,  and  testosterone.  (2)  Effect  of  administration  of  estrogen 
on  autotransgrafts  of  normal  and  lactating  breast  tissue  in  rats  and  mice. 
(3)  Action  of  carcinogenic  hydrocarbons  on  breast  tissue  and  the  genital 
tract.  This  has  been  suggested  by  the  frequency  of  breast  hyperplasia  near 
subcutaneous  benzpyrene  sarcomata  in  female  and  male  rats  in  the  histo- 
logical preparations  of  the  tumors  produced  by  Drs.  Curtis  and  Dunning. 

Mr.  Alexander  G.  Wolcott  has  been  engaged  for  several  months  in 
investigating  the  possible  carcinogenic  properties  of  lipoids  obtained  by 
extraction  with  hot  benzol  from  human  organs.  The  material  was  derived 
from  patients  suffering  from  a  variety  of  diseases  and  was  obtained  from 
the  pathological  department  of  St.  Luke's  Hospital.  He  is  also  investigat- 
ing the  possibility  of  the  production  of  gonadal  teratomata  by  a  new 
technic. 

Professor  Francis  Carter  Wood  is  still  engaged  in  preparing  the  Inter- 
national Diagnostic  Atlas  of  Tumors  which  is  to  be  published  for  the 
International  Union  against  Cancer.  Most  of  the  photomicrographs  have 
been  finished  and  mounted  and  Professor  Wood  is  now  engaged  on  the 
preparation  of  the  text. 

Financial  support  for  the  American  Journal  of  Cancer  was  obtained  by 
Professor  Wood  during  the  year  so  that  it  has  been  possible  to  publish 
that  journal  with  a  very  slight  diminution  of  the  number  of  pages. 

Professor  Wood  remains  a  member  of  the  Advisory  Board  of  the  Inter- 
national Cancer  Research  Foundation,  editor  of  the  American  Journal  of 
Cancer,  one  of  the  editors  of  the  Acta  of  the  International  Union  against 
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Cancer,  and  he  has  spent  a  year  of  service  as  a  member  of  the  Cancer 
Council  of  the  Public  Health  Service.  He  has  furnished  the  usual  article 
on  cancer  for  the  Americana  Annual. 

Dr.  Wood  read  a  paper  on  "Recent  Clinical  and  Experimental  Advance 
in  Cancer  Research  with  Reference  to  Heredity,  Biology  and  Chemistry" 
at  the  New  York  Academy  of  Medicine,  at  which  time  Dr.  Dunning  also 
read  a  paper  on  "Significance  of  Statistics  in  Medical  Research." 

Professor  Wood  also  gave  the  usual  number  of  talks  during  the  year, 
one  at  a  meeting  of  the  Vassar  Brothers  Hospital  staff  in  Poughkeepsie, 
and  another  before  the  students  of  the  Yale  Medical  School  in  New 
Haven.  He  made  an  address  in  celebration  of  the  seventieth  birthday  of 
Dr.  Rollin  H.  Stevens,  of  Detroit,  spoke  on  "Cancer  Education"  at  the 
Syracuse  Medical  Society  meeting,  spoke  at  the  dedication  of  the  new 
x-ray  plant  at  the  Long  Island  College  Hospital,  and  gave  a  number  of 
other  informal  talks. 

Professor  Woglom  gave  a  course  on  the  morphology  of  tumors  at  the 
Institute  during  the  Summer  Session  and  also  gave  his  annual  talk  on 
cancer  research  to  the  students  of  the  College  of  Physicians  and  Surgeons. 

Professor  Wood  acted  as  chairman  of  the  Biophysics  Section  of  the 
Fifth  International  Congress  of  Radiology  held  September  13  to  17  in 
Chicago,  and  while  there  was  presented  with  the  Janeway  Medal.  At  this 
Congress  Dr.  Packard  read  a  paper  on  "The  Biologic  Measurement  of 
Depth  Doses."  Mr.  Exner  also  read  a  paper  on  "The  Sloan  Radio-Fre- 
quency X-ray  Generator  at  the  Crocker  Laboratory." 

The  Institute  continues  to  furnish  a  large  number  of  tumor-bearing 
animals  to  various  scientific  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the  labora- 
tory staff  during  the  year  follows : 

Curtis,  Maynie  R.,  and  Wilhelmina  F.  Dunning,  "Two  Independent  Muta- 
tions of  the  Hooded  or  Piebald  Gene  of  the  Rat."  The  Journal  of  Heredity, 
XXVIII  (November,  1937),  383-90. 

Dunning,  Wilhelmina  F.,  with  M.  R.  Curtis  and  F.  D.  Bullock,  "The  Respec- 
tive Roles  of  Heredity  and  Somatic  Mutation  in  the  Origin  of  Malignancy." 
Travaux  scientifiques,  II  Congres  International  de  Lutte  Scientifique  Sociale 
contre  le  Cancer,  Bruxelles.  September  20-26,  1936,  II  (1937),  138-40. 

Heiman,  Jacob,  "The  Influence  of  Hormones  on  Breast  Hyperplasia  and 
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Tumor  Growths  in  White  Rats."  Travaux  scientifiques,  II  Congres  Inter- 
national de  Lutte  Scientifique  Sociale  contre  le  Cancer,  Bruxelles,  September 
20-26,  1936,  II  (1937),  49~5°- 

Packard,  Charles,  "The  Biologic  Measurement  of  Depth  Doses."  Radiology, 
XX  (July,  1937),  12-21. 

"The  Calculation  of  Percentage  Depth  Doses."  Radiology,  XXX 

(May,  1938),  613-21. 

Vogelaar,  Johannes  P.  M.,  and  Eleanor  Erlichman,  "Significance  of  Ascorbic 
Acid  (Vitamin  C)  for  the  Growth  in  Vitro  of  Crocker  Mouse  Sarcoma 
180."  The  American  Journal  of  Cancer,  XXXI  (October,  1937),  283-88. 

"The  Significance  of  Amino-Acids  for  the  Growth  in  Vitro  of  Human 

Fibroblasts.  II.  Growth  in  Media  Containing  Various  Amounts  of  Glycine." 
The  American  Journal  of  Cancer,  XXXIII  (June,  1938),  246-52. 

Woglom,  William  H.,  "Recovery  in  Locke's  Solution  of  a  Retarding  Agent 
from  Immune  Rats."  The  American  Journal  of  Cancer,  XXX  (July,  1937), 
477-92. 

"Is  Cancer  Due  to  Civilization?"  Quarterly  Review  (The  New  York 

City  Cancer  Committee),  II  (January,  1938),  81-84. 

"Agent  and  Soil  in  Experimental  Carcinogenesis."  The  American 


Journal  of  Cancer,  XXXII  (March,  1938),  447-48. 

with  Joel  Warren,  "A  Pyogenic  Virus  in  the  Rat."  Science,  LXXXVII 


(April,  1938),  370-71. 
Wood,  Francis  Carter,  "Cancer:  The  Results  of  Present  Day  Investigation  and 

the  Oudook  for  the  Future,"  The  World  Today,  Encyclopaedia  Britannica, 

V  (September,  1937),  29-30. 
Cancer:  Nature,  Diagnosis  and  Cure  (New  York:  Funk  &  Wagnalls 

Co.,  1937).  102  pp. 

"The  Trend  in  Radiotherapy  of  Cancer,"  Radiology,  XXX  (January, 


1938),  52-56. 

"Marie  Curie — Her  Life  Work,"  The  Scientific  Monthly,  XL VI 


(April,  1938),  378-85. 

"Cancer,"  The  Americana  Annual,"  1938,  pp.  105-07. 

"Radiobiology  and  Radiopathology."  Theoretical  Principles  of  Roent- 


gen Therapy  (Philadelphia:  Lea  &  Febiger,  1938),  Chap.  IV,  pp.  188-232. 

The  reduction  in  interest  rates  has  recently  diminished  the  income 
from  the  fixed  fund  of  the  Institute  of  Cancer  Research.  It  is,  therefore,  a 
special  pleasure  to  acknowledge  contributions  from  the  Anna  Fuller 
Fund  and  the  Louis  D.  Beaumont  Fund  and  one  from  the  Markle 
Foundation  for  two  years'  support  of  research  with  the  million-volt  x-ray 
apparatus  built  by  the  Institute  in  connection  with  the  Presbyterian  Hos- 
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pital.  The  Director  also  acknowledges  with  gratitude  a  gift  of  $20,000 
from  an  anonymous  donor  who,  for  many  years,  has  made  regular  con- 
tributions to  the  work  of  the  Institute.  Many  smaller  gifts,  too  many  to 
enumerate  here,  have  been  sent  by  those  interested  in  the  solution  of  the 
cancer  problem. 

Respectfully  submitted, 

Francis  Carter  Wood, 

Director 
June  30,  1938 
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INSTITUTE  OF  CANCER  RESEARCH 

ENDOWED  BY  GEORGE  CROCKER 

REPORT  OF  THE  DIRECTOR 

FOR  THE  ACADEMIC  YEAR  ENDING  JUNE  30,  1939 

To  the  President  of  the  University 

Sir: 

I  have  the  honor  to  submit  the  twenty-sixth  annual  report  of  the 
Institute  of  Cancer  Research. 

During  the  summer  of  1938  the  Institute  of  Cancer  Research  moved 
from  the  very  plain  brick  building,  originally  constructed  by  the  Trustees 
of  Columbia  University,  at  11 6th  Street  and  Amsterdam  Avenue,  to  new 
quarters  on  the  fifteenth  and  sixteenth  floors  at  630  West  168th  Street.  In 
addition  to  the  library,  laboratory  scientific  apparatus,  some  sixty  thou- 
sand microscopic  slides  of  tumors,  and  other  paraphernalia  of  a  research 
institute,  thousands  of  albino  mice  and  rats  and  a  few  guinea  pigs  and 
rabbits  made  the  journey  without  any  fatalities. 

Among  the  animals  so  moved  were  a  number  of  very  valuable  purebred 
strains  of  mice  and  rats,  most  of  which  were  developed  in  the  Institute  by 
years  of  painstaking  inbreeding  of  a  brother-and-sister  stock.  One  of  the 
mouse  strains  domiciled  in  the  Institute  originated  in  the  laboratory  of 
the  Curie  Institute  in  Paris  and  has  a  valuable  quality  for  cancer  research 
in  that  a  large  number  of  spontaneous  breast  cancers  develop  in  the  older 
animals.  The  genetic  history  of  this  strain  has  been  published  in  great 
detail  by  Dr.  N.  Dobrovolskaia-Zavadskaia,  who  developed  it,  the  records 
covering  a  period  equivalent  to  some  thousands  of  years  of  human  exist- 
ence. 

Purebred  strains  of  rats  have  been  available  in  past  years  only  from  the 
Wistar  Institute  in  Philadelphia,  where  a  huge  breeding  experiment  has 
been  carried  on  with  measurements  of  the  variability  in  growth,  size, 
organ  weights,  and  so  forth  recorded  in  detail.  Workers  in  that  institute 
find  that  even  with  prolonged  interbreeding  of  this  type  fluctuations  still 
occur  which  are  not  due  to  outside  agencies.  It  takes  fifteen  generations  to 
reach  a  homozygosis,  as  the  geneticists  term  it,  of  96  percent.  At  this  point 
the  strains  will  show  frequent  and  considerable  differences  just  as  pure 
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cultures  of  bacteria  show  mutations.  After  thirty  or  forty  generations, 
which  correspond  to  about  one  thousand  years  in  the  human  race,  the 
animals  show  fewer  physical  variations  and  grafted  tumors  show  fewer 
spontaneous  cures.  The  various  pure  rat  strains  at  the  Institute  of  Cancer 
Research  have  been  studied  from  two  aspects :  one,  the  possibility  of  their 
developing  sarcoma  in  the  liver  after  infestation  with  a  tapeworm  egg; 
the  other,  their  acceptance  or  nonacceptance  of  a  tumor  graft  and  the 
conditions  of  the  growth  of  that  graft  while  in  the  animal.  The  strains 
have  also  been  used  for  a  large  number  of  studies  on  the  effects  of  the 
hormones  on  the  growth  of  benign  tumors  and  similar  investigations  in 
which  a  healthy  and  homozygous  strain  of  known  history  is  essential. 

The  advantage  of  working  with  pure  or  homozygous  strains  is  that 
their  complete  life  history  is  known  and  the  frequency  with  which  cancer 
occurs  spontaneously  in  them  has  been  determined  over  many  years  of 
observation,  so  that  they  can  be  used  as  a  standard  of  unvarying  material 
which  will  do  a  fairly  definite  thing  under  given  conditions  because  no 
strange  blood  is  ever  allowed  to  enter  such  a  strain.  However,  even  with 
the  years  of  care  which  have  been  devoted  to  keeping  these  strains  segre- 
gated, slight  fluctuations  still  occur  spontaneously  so  that  it  is  possible  to 
develop  subsidiary  strains  with  slightly  different  characteristics  from 
those  of  the  main  stem.  These  oscillations  are  very  slight  and  do  not  inter- 
fere with  the  peculiar  value  of  the  purebred  strains.  Dame  Nature  seems 
to  resent  our  efforts  to  change  her  way  of  never  making  two  living  things 
alike.  Tumors  produced  in  these  strains  by  carcinogenic  chemicals  are  far 
more  stable  in  their  biological  qualities  than  the  interbred  animals  in 
which  they  arise,  for  cancer  is  a  new  race  of  cells  growing  in  a  culture 
medium,  the  body  of  its  host,  and  is  transferred  by  grafting,  so  that  its 
qualities  are  permanently  retained,  just  as  it  is  possible  to  graft  on  the 
stump  of  a  crab  apple  tree  a  small  slip  which  will  forever  bear  large,  red, 
Northern  Spys.  The  animals  in  which  the  tumors  grow  reproduce  by  the 
union  of  ova  and  spermatozoa,  and  in  this  process  disturbances  in  the 
gene  relationships  may  appear  spontaneously  or  from  outside  influences. 
X-ray,  for  example,  is  a  potent  agent  in  producing  mutations  in  a  pure 
strain  of  animals,  but  a  tumor  after  repeated  rayings  always  remains  the 
same,  as  was  shown  years  ago  by  Professor  Prime. 

The  moving  was  completed  by  October  i,  1938,  and  since  that  time  the 
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staff  have  been  actively  working  on  the  various  research  problems  which 
had  occupied  them  before  they  were  uprooted. 

A  number  of  interesting  contributions  have  been  made  to  the  cancer 
problem  during  the  year  1938—39,  perhaps  the  most  important  being  that 
of  Kogl  and  Erxleben,  who  in  a  series  of  publications  report  that  the 
amino  acids  which  form  the  constituent  molecules  of  the  proteins  in 
animal  and  human  tumors  differ  from  the  amino  acids  of  normal  animal 
and  human  tissues  in  that  some  of  these  acids  rotate  the  plane  of  polar- 
ization to  the  left  instead  of  to  the  right.  Many  of  the  amino  acids,  but 
not  all,  are  dextrorotatory  in  the  proteins  of  normal  tissues,  while  in 
tumor  tissues  a  considerable  proportion  of  these  acids  which  normally 
rotate  to  the  right  may  be  more  or  less  replaced  by  a  levorotatory  form. 
Upon  this  basis  the  authors  have  erected  a  considerable  theoretical  struc- 
ture, pointing  out  that  this  change  may  explain  the  fundamental  obser- 
vation that  tumor  cells  are  not  destroyed  by  the  healthy  tissues  as  are 
normal  cells  when  they  are  displaced  from  their  usual  relationships  in 
the  organs.  The  idea  which  these  two  chemists  brought  forward  is 
that  the  ferments  of  the  scavenger  cells  of  the  body  are  unable  to  attack 
the  unusual  form  of  amino  acid,  hence  such  tumor  cells  would  escape 
digestion.  Such  narrow  specialization  in  ferment  action  has  been  used  to 
separate  the  levorotatory  constituent  of  a  racemic  mixture  of  glutamic 
and  other  acids. 

Just  how  these  differences  in  the  amino  acids  may  offer  an  explanation 
of  the  causation  of  tumors  is  still  uncertain.  Since  Kogl's  observations 
concerning  the  presence  of  levorotatory  acids  in  the  proteins  of  cancer 
instead  of  the  usual  dextrorotatory  form  have  not  been  confirmed  by 
other  chemists  checking  his  conclusions,  it  is  certainly  premature  to 
assume  that  any  definite  step  has  as  yet  been  made  in  the  solution  of  the 
cancer  problem.  Nevertheless,  should  Kogl's  work  be  confirmed,  it  would 
offer  opportunity  for  a  vast  amount  of  investigative  study  directed  along 
this  line,  for  it  is  the  first  qualitative  difference  which  has  been  discovered 
between  the  cancer  cell  and  the  normal  cell.  Hitherto  the  differences  have 
been  quantitative  as,  for  example,  that  the  tumor  cell  contains  more  water 
than  the  normal  cell  of  the  same  type,  that  it  usually  digests  sugars  dif- 
ferently, and  that  its  ferment  content  varies  considerably  on  occasion 
from  that  of  the  normal  cell.  That  fundamental  differences  exist  is  ren- 
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dered  improbable  by  the  fact  that  tumor  cells  injected  into  animals  of  the 
same  strain  do  not  excite  any  immunity,  as  they  would  if  the  proteins 
differed  greatly  in  their  composition.  This  important  reaction  is  the  basis 
for  many  of  our  diagnostic  and  therapeutic  agencies.  For  example,  the 
injection  of  proper  quantities  of  dead  typhoid  bacilli  will  give  to  a  human 
being  a  high  immunity  against  the  live  typhoid  organisms,  and  this  is 
due  to  the  fact  that  the  protein  of  the  typhoid  bacillus  differs  greatly  in 
its  chemical  structure  from  that  of  the  human  tissues. 

The  second  interesting  development  comes  from  the  clinical  side  in  the 
treatment  of  advanced  and  inoperable  cancer  by  the  reduction  of  the  body 
temperature.  Quite  striking  effects,  especially  in  the  relief  of  pain,  have 
been  noted,  but  as  yet  there  is  no  evidence  that  this  procedure  will  in  the 
near  future  displace  the  standard  methods  of  curing  cancer. 

A  third  event  was  the  celebration  of  the  discovery  of  radium,  x-rays, 
electrons,  and  electromagnetic  or  Hertzian  waves  during  International 
Cancer  Week,  in  Paris,  in  November,  1938.  This  meeting  was  attended 
by  many  eminent  physicists,  biologists,  physicians,  and  other  scientists 
interested  in  the  discoveries  which  aided  so  greatly  the  diagnosis  and 
treatment  of  cancer.  While,  as  the  years  have  passed,  radium  has  become 
one  of  the  important  agents  in  the  treatment  of  cancer,  x-ray  has  con- 
tributed not  only  to  treatment,  but  perhaps  in  an  even  greater  degree  to 
the  diagnosis,  not  alone  of  cancer,  but  of  many  other  internal  diseases. 

The  meeting  was  opened  by  a  reception  in  the  great  hall  of  the  Sor- 
bonne  at  which  the  ambassadors  of  many  countries  presented  messages  of 
good  will  and  the  President  of  France  and  the  President  of  Poland  de- 
livered official  addresses.  The  remainder  of  the  week  was  occupied  by 
series  of  papers  on  the  most  varied  topics  in  physics  and  biology.  A  dra- 
matic opening  speech  was  made  by  Professor  W.  Bjerknes  on  the  work  of 
Hertz,  the  discoverer  of  the  electromagnetic  waves.  Bjerknes,  who  had 
the  good  fortune  to  be  associated  with  Hertz  as  his  first  pupil  from  1890 
to  1891  in  his  then  newly  organized  laboratory  at  the  University  of  Bonn, 
held  in  his  hand  the  original  notes  made  by  Hertz  for  his  famous  memoir 
on  the  generation  of  electrodynamic  waves  in  free  space  and  their  reflec- 
tion and  refraction. 

Professor  William  H.  Woglom,  in  collaboration  with  Mr.  Joel  Warren, 
has  continued  the  investigation  of  the  filterable  agent  mentioned  in  last 
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year's  report.  It  was  surmised  from  the  first  that  this  was  but  a  chance 
contaminant  of  rat  sarcoma  39,  in  which  it  was  encountered,  and  so  it 
proved  to  be,  for  rats  injected  with  it  developed  no  tumors  after  the  lapse 
of  a  year.  The  agent  finally  turned  out  to  be  a  pleuropneumonia-like 
organism  belonging  to  the  L  group,  of  great  interest  to  the  bacteriologist 
but  quite  without  significance  for  malignant  disease,  and  the  investiga- 
tion was  accordingly  abandoned  after  the  final  result  had  been  published. 
With  Mr.  Warren  Professor  Woglom  has  shown  that  exposure  to  ultra- 
violet light  will  destroy  the  power  of  the  Shope  rabbit  papilloma  virus  to 
elicit  tumors,  but  not  its  power  to  immunize  against  this  growth.  A 
description  of  these  experiments  is  now  in  press. 

Despite  innumerable  attempts  to  transfer  mouse  and  rat  neoplasms  by 
filtered  extracts,  that  is  to  say  by  preparations  which  do  not  contain  living 
cells,  success  has  not  been  achieved.  The  fact  that  tumor  180  and  two 
other  mouse  sarcomas  could  be  transmitted  also  by  lymph  nodes  from 
mice  that  had  borne  these  growths  for  but  five  days  suggests  the  presence 
of  a  filterable  agent.  Professor  Woglom,  however,  has  an  investigation 
under  way,  the  results  of  which  will  soon  be  ready  for  publication,  show- 
ing that  metastatic  cells  from  one  of  the  tumors  mentioned  may  be  present 
in  the  lymph  nodes  as  early  as  the  seventh  day.  Since  it  is  these  tumor 
cells  which  are  responsible  for  the  sarcomas  that  arise  from  inoculated 
lymph  nodes,  the  assumption  of  a  filterable  agent  becomes  superfluous. 

Professor  Woglom  has  also  in  progress  an  experiment  on  the  effect  of 
certain  endocrine  glands  upon  carcinogenesis  and,  in  collaboration  with 
Dr.  Milton  J.  Eisen,  is  investigating  a  transplantable  thymic  tumor  of 
the  mouse  in  an  endeavor  to  find  out  what  relation  it  bears,  if  any,  to 
lymphatic  leukemia.  Other  work  with  Dr.  Eisen,  concerning  the  question 
whether  carcinogenic  agents  are  entirely  local  in  their  effects,  or  constitu- 
tional as  well,  have  not  progressed  far  enough  to  warrant  discussion  at 
the  present  time. 

One  of  the  purposes  of  the  experiments  carried  on  during  the  past  three 
years  in  the  Institute's  high-voltage  laboratory  was  to  measure  the  output 
of  an  x-ray  generator  running  at  voltages  from  200  to  1,000  kv.,  and  also 
to  measure  the  amount  of  penetration  and  scattering  of  these  rays  under 
conditions  similar  to  those  occurring  in  clinical  treatment.  One  difficulty 
in  carrying  out  this  work  lies  in  the  fact  that  the  physical  dosimeters  ordi- 
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narily  used  for  this  purpose  do  not  record  correctly  the  intensity  of  high- 
voltage  radiation  in  standard  roentgens.  To  escape  this  dilemma  Professor 
Charles  Packard  and  Mr.  Frank  M.  Exner  have  used  the  biological 
method  of  measurement  developed  in  this  laboratory  by  Professor  Packard 
and  now  widely  employed  throughout  the  world.  This  makes  use  of  the 
eggs  of  the  fruit  fly,  Drosophila.  It  is  capable  of  furnishing  data  which 
serve  as  a  basis  for  calculating  therapeutic  dosage.  In  the  past  year  these 
data  have  greatly  increased  in  number.  Since,  however,  the  method  is  not 
convenient  for  routine  use  in  the  hands  of  unskilled  technicians,  Professor 
Packard  and  Mr.  Exner  have  made  several  series  of  comparative  measure- 
ments between  the  dosimeter  and  the  eggs  so  as  to  enable  clinicians  with 
commercial  dosimeters  to  estimate  the  biologically  effective  dose  under 
their  exposure  conditions.  It  is  found,  for  example,  that  at  900  kv.  the 
dosimeter  dose  must  be  increased  by  about  20  percent  over  that  at  200  kv. 
in  order  to  obtain  equal  quantitative  effects  on  the  eggs. 

A  complete  corroboration  of  this  result  will  be  presented  at  the  Third 
International  Cancer  Congress  by  Dr.  Robert  S.  Stone,  of  the  University 
of  California,  that  to  obtain  equal  erythema  reaction  on  the  human  skin 
the  dose  of  1,000  kv.  x-rays,  as  measured  by  the  dosimeter,  must  be  in- 
creased by  nearly  25  percent  over  the  dose  at  200  kv. 

These  conclusions  relate  to  measurements  in  free  air  and  on  the  skin. 
But  tests  with  the  fly  eggs  have  further  shown  that  at  a  depth  below  the 
surface  approximately  the  same  differences  are  found.  Thus  it  is  now 
possible  for  the  radiologist  to  adjust  his  dosage  of  low-  and  high-voltage 
rays  so  as  to  produce  equal  effects  either  at  the  surface  or  at  a  depth  within 
the  body. 

As  long  as  twenty  years  ago  the  view  was  expressed  by  Professor  Wood 
that  the  essential  factor  determining  the  biological  effects  produced  by 
ionizing  radiations  such  as  x-rays  is  the  amount  of  ionization  produced 
per  unit  volume  of  cell  substance.  Differences  in  effect  resulting  from  the 
fact  that  the  size  and  concentration  of  the  individual  ion  tracks  differ 
somewhat  between  low-  and  high-voltage  x-rays  have  never  been  satis- 
factorily proved. 

The  established  advantage  of  roentgen  radiation,  therefore,  at  voltages 
ranging  from  400,000  to  1,000,000  instead  of  the  200,000  now  largely  used 
in  deep  tumor  therapy  is  not  in  any  difference  in  specific  action  but  in  the 
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better  depth  dose  or  penetration  of  the  body  by  the  radiation,  accom- 
panied by  less  damage  to  the  skin.  In  other  words,  a  unit  of  x-ray  acting 
on  a  cell  suspended  in  air  so  as  to  avoid  all  scattering,  and  this  is  the  con- 
dition under  which  the  fly  eggs  are  exposed,  is  the  same  for  all  voltages, 
and  at  the  present  time  the  burden  of  proof  rests  upon  the  person  who 
dissents  from  this  statement.  The  thousands  of  observations  which  have 
been  made  in  the  Institute  in  the  past  twenty  years  have  shown  such  com- 
plete agreement  as  far  as  x-ray  and  radium  are  concerned  that  this  fact 
must  be  considered  definitely  proved.  On  the  other  hand,  the  physical 
distribution  of  the  radiation  in  the  tissues  gives  rise  apparently  to  different 
effects.  If  the  x-ray  beam  at  200,000  and  1,000,000  volts  is  measured  in  air 
by  the  use  of  the  Drosophila  eggs  and  then  an  exposure  is  made  on  a 
patient's  skin  at  an  equal  rate  with  the  two  beams,  an  erythema  reaction 
of  the  skin  will  be  produced  at  200,000  volts  but  not  at  1,000,000  volts. 
The  reason  for  this  is  that  at  200,000  volts  about  40  percent  of  the  energy 
of  the  impinging  beam  is  reflected  back  to  the  skin,  whereas  at  1,000,000 
volts  less  than  5  percent  is  reflected  back  against  the  skin.  Hence  at  the 
lower  voltage  the  skin  receives  at  least  35  percent  more  radiation  than  at 
1,000,000  volts  and,  as  has  been  stated  above,  Dr.  Robert  S.  Stone  demon- 
strated by  raying  human  beings  the  fact  which  was  first  estimated  with 
accuracy  by  the  use  of  the  eggs  of  the  fruit  fly,  Drosophila.  In  addition  to 
these  practical  radiological  problems  a  number  of  other  questions  of  prac- 
tical and  theoretical  interest  have  been  under  investigation  with  the  Sloan 
x-ray  generator. 

The  nature  of  the  processes  involved  between  the  exposure  of  living 
material  to  x-rays  and  the  appearance  of  visible  injury  is  still  obscure.  A 
better  understanding  of  the  mechanisms  of  radiation  effects  should  throw 
light  on  the  mode  of  action  of  other  agents,  such  as  heat  and  drugs.  The 
inactivation  of  viruses  by  radiation  seems  to  offer  a  favorable  point  of 
attack  on  this  problem,  since  this  process  shows  some  of  the  characteristics 
of  biological  injury  but  is  free  from  many  complicating  factors  which 
are  usually  present.  The  data  obtained  are  therefore  favorable  for  attempts 
at  the  theoretical  interpretation. 

The  study  of  the  action  of  x-rays  on  tobacco  mosaic  virus  has  been  con- 
tinued this  year  in  collaboration  with  Professor  John  W.  Gowen,  of  the 
Department  of  Genetics  of  Iowa  State  College.  The  comparison  of  the 
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effect  of  high-  and  low-voltage  x-rays  led  to  unexpected  results,  which 
call  for  further  study.  This  work  is  to  be  reported  by  Professor  Gowen  at 
the  Third  International  Cancer  Congress  at  Atlantic  City,  in  September, 

J939- 
By  the  use  of  x-rays  it  is  possible  to  influence,  and  hence  to  analyze, 

various  processes  of  fundamental  biological  interest  which  may  prove 

to  be  basic  to  the  general  problem  of  malignancy,  such  as  fertilization, 

organization,  growth,  regeneration,  and  recovery  from  injury.  Studies 

along  these  lines  have  been  started  by  Professor  Packard  and  Mr.  Exner. 

Of  special  interest  is  some  work  in  collaboration  with  Professor  Roberts 

Rugh,  of  New  York  University,  who  has  been  engaged  in  studying  these 

problems  in  the  frog,  a  very  favorable  material  for  the  studies. 

Members  of  three  other  departments  of  the  Medical  School  have  availed 
themselves  of  the  facilities  of  the  high-voltage  laboratory.  Professor  Sever- 
inghaus,  of  the  Department  of  Anatomy,  and  Dr.  Darby,  of  the  Depart- 
ment of  Biological  Chemistry,  wished  to  destroy  or  modify  the  secretions 
of  certain  glands  in  conditions  where  surgical  removal  was  not  applicable. 
Some  progress  has  been  made  in  an  attempt  to  do  this  by  using  very 
narrow  pencils  of  x-rays  only  a  few  millimeters  in  diameter,  which  affect 
the  gland  with  a  minimum  of  injury  to  the  animal.  Professor  Hopkins, 
of  the  Department  of  Dermatology,  is  interested  in  producing  a  consider- 
able reduction  of  the  leukocytes  of  the  blood  in  animals  in  connection 
with  certain  experiments  on  infection.  This  could  be  done  more  advan- 
tageously in  the  Institute's  laboratory  than  with  one  of  the  clinical  ma- 
chines of  the  Department  of  Radiology.  A  number  of  other  lines  of  x-ray 
experimentation  are  under  discussion  with  members  of  other  departments. 

An  important  feature  of  the  high-voltage  installation  of  the  Institute 
has  perhaps  not  been  sufficiently  emphasized.  First,  this  apparatus  is 
unique  in  the  absolute  consistency  of  its  radiation  output  and  in  the  ease 
with  which  desired  quantities  can  be  reproduced  day  after  day  without 
the  necessity  of  troublesome  measurements.  At  the  lower  voltages,  for 
example,  by  restriction  of  the  filtration  an  enormous  output  of  radiation 
can  be  obtained  amounting  to  100,000  r  units  or  more  per  hour.  Secondly, 
it  was  specially  designed  to  permit  a  far  wider  choice  of  exposure  condi- 
tions to  meet  particular  experimental  requirements  than  can  be  obtained 
from  other  existing  installations,  which  have  been  built  primarily  for  treat- 
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ing  patients.  For  instance,  the  x-ray  escapes  from  five  widely  separated 
openings  closely  guarded  by  thick  layers  of  lead,  and  by  proper  choice 
of  conditions  of  filtration,  etc.,  each  portal  may  yield  a  different  quality 
and  quantity  of  radiation  so  that  five  experiments  can  be  carried  on  at 
the  same  time.  Other  facilities  for  experimental  work  now  on  hand  in  the 
laboratory  as  a  result  of  over  twenty  years  of  experience  in  x-ray  experi- 
mentation in  the  Institute  of  Cancer  Research  constitute  a  valuable  asset 
which  would  be  difficult  to  duplicate  outside  a  large  university  physics 
department. 

It  has  been  possible  to  carry  on  these  more  recent  researches  only  be- 
cause of  a  very  generous  grant  from  the  John  and  Mary  R.  Markle 
Foundation. 

During  the  year  fifty-five  carefully  selected  patients  have  been  treated 
by  Dr.  Friedrich  Burgheim  with  the  x-ray  apparatus  mentioned  above. 
The  machine  proved  very  satisfactory  from  an  operating  aspect,  as  only 
one  day  was  lost  out  of  the  year  owing  to  a  slight  breakdown  in  connec- 
tions. Since  five  patients  can  be  treated  at  once,  it  has  cost  relatively  less 
for  construction  than  five  commercial  400  kv.  machines  and  its  upkeep 
expense  under  full  working  conditions  is  no  more  than  that  of  such  a 
group  of  400  kv.  machines.  The  chief  expense  is  in  the  electrical  engineer- 
ing staff  which  is  necessary  in  order  to  run  the  apparatus  and  make 
repairs,  for  as  this  is  not  a  commercial  machine  new  parts  have  to  be 
constructed  if  a  breakdown  occurs.  The  number  of  patients  treated  may 
seem  small,  but  since  many  of  them  were  radiated  at  least  fifty  minutes 
daily  for  two  or  three  months,  it  is  evident  that  only  a  moderate  number 
could  be  treated  and  not  interfere  with  the  research  work  which  must 
be  carried  on  at  the  same  time.  The  only  patients  cared  for  were  those 
who  were  inoperable,  and  some  of  them  had  been  treated  before  with 
x-ray  and  radium  without  success. 

It  is  obvious  that  as  yet  no  estimate  can  be  made  of  the  value  of  such 
treatments  since  sufficient  time  has  not  elapsed  to  permit  of  any  final  con- 
clusions. However,  some  patients  have  done  extremely  well.  The  most 
striking  difference  between  radiation  at  700,000  to  900,000  volts  and  the 
ordinarily  used  radiation  of  200,000  volts  is  that  there  is  an  astonishing 
lack  of  reaction  of  the  skin  and  mucous  membranes  with  the  former.  In 
other  words,  it  has  been  found  possible  to  administer  very  large  quantities 
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of  such  short  wave-length  radiation  without  causing  the  serious  injuries 
which  are  frequently  seen  after  200,000  volt  treatments.  It  should  be 
understood  that  the  radiations  are  given  very  slowly,  most  of  the  patients 
being  treated  for  fifty  minutes  while  receiving  a  dosage  of  only  200  r  units. 
This  is  the  standard  Coutard  type  of  radiation  therapy,  the  rate  not  ex- 
ceeding 4  r  per  minute.  Other  workers  with  high-voltage  x-rays  had  given 
very  large  doses  at  a  much  more  rapid  rate  and  noticed  serious  damage 
to  the  skin  and  in  some  instances  excessive  injury  to  the  deeper  healthy 
tissues.  The  purpose  of  raying  at  a  very  slow  rate  is  to  permit  recovery 
of  the  healthy  tissues  while  the  malignant  structures  are  being  damaged. 
If  the  cancer  under  treatment  is  sufficiently  radiosensitive  and  not  too 
extensive  it  may  be  possible  to  destroy  it. 

In  the  course  of  the  experimental  studies  of  Professor  Packard  and 
Mr.  Exner  an  immediate  explanation  was  found  for  this  lack  of  injury 
to  the  skin,  for  when  the  x-rays  were  measured  at  the  surface  of  the  skin 
with  200,000  volts  it  was  discovered  that  an  additional  dose  of  over  40 
percent  was  present  in  the  skin  due  to  the  scattering  back  against  that 
tissue  of  the  x-rays  from  the  deeper  tissues.  At  700,000  volts,  on  the  other 
hand,  this  back-scatter  amounted  to  little  more  than  5  percent.  Thus  the 
skin  treated  at  the  higher  voltage  received  a  smaller  dose  and  hence  was 
less  damaged.  Also,  if  the  rate  of  giving  was  increased  so  that  much  larger 
amounts  of  x-ray  were  projected  into  the  tissues,  it  was  found  that  serious 
x-ray  sickness  occurred  which  made  the  patients  very  uncomfortable, 
whereas  at  700,000  or  800,000  volts  they  were  much  more  comfortable  than 
with  200,000.  Whether  the  varying  effects  on  the  patients  of  high  and 
low  voltages  are  due  to  some  difference  in  the  type  of  injury  of  the  normal 
vascular  and  connective  tissue  structures  and  of  the  tumor  or  to  the  low 
rate  at  which  the  x-ray  is  administered,  or,  again,  to  the  fact  that  the 
lateral  scatter  is  less  and  hence  a  smaller  volume  of  tissue  is  rayed,  cannot 
at  present  be  definitely  decided. 

A  number  of  the  patients  treated  have  remained  without  evidence  of  a 
neoplasm,  and  favorable  results  were  obtained  even  in  patients  with 
extensive  metastases  in  different  parts  of  the  body.  Especially  favorable 
results  were  seen  in  some  individuals  with  advanced  carcinoma  of  the 
bladder  and  in  extensive  pelvic  recurrences  after  radium  therapy  for 
cancer  of  the  cervix  uteri.  In  conditions  like  Hodgkin's  disease  and  in 
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some  cases  of  advanced  cancer  good  results  were  noted  by  irradiating  a 
large  part  of  the  body  at  one  time,  using,  of  course,  very  small  dosage  at  a 
skin  focus  distance  of  about  150  cm.  It  is  interesting  to  note  that  the 
anemia  which  has  been  reported  after  the  administration  of  such  large- 
area  treatments  with  200,000  volts  was  not  found  with  this  higher  voltage 
radiation,  probably  because  of  the  slow  rate  of  administration  of  the  rays. 
These  studies  on  cancer  in  human  beings  have  confirmed  the  observation 
made  by  the  staff  of  the  Institute  using  biological  material  to  measure 
dosage  and  back-scatter  and  suggest,  as  has  been  stated  elsewhere,  that 
there  are  considerable  advantages  for  certain  types  of  cancer  in  the  use  of 
600,000-  or  700,000-volt  x-ray,  but  it  has  also  become  obvious  that  such 
benefits  are  limited  to  a  few  types  of  internal  cancer,  while  all  superficial 
cancers  can  be  treated  and  a  great  deal  of  palliative  treatment,  which  is 
one  of  the  valuable  features  of  x-ray,  can  be  equally  well  accomplished 
with  apparatus  whose  upper  limit  is  200  kv.  and  can  be  handled  in  a 
physician's  office  by  one  who  is  not  specially  trained  in  electrical  engineer- 
ing. The  use  of  these  very  high  voltages  will  undoubtedly  be  confined  to 
a  few  centers  since  cancer  patients  are  generally  transportable  without 
special  risk,  and  by  proper  selection  of  patients  the  expensive  high-voltage 
treatments  can  be  limited  to  those  to  whom  the  greater  penetration  and 
other  factors  are  absolutely  essential. 

Various  drugs  which  have  been  highly  recommended  for  the  preven- 
tion of  radiation  sickness  were  tried  during  the  year,  but  it  was  found 
that  while  they  were  efficient  in  some  patients,  in  others  they  had  no 
effect. 

Drs.  Maynie  R.  Curtis  and  Wilhelmina  F.  Dunning  have  continued 
their  studies  of  the  etiology  of  Cysticercus  sarcoma  of  the  rat's  liver.  Their 
previous  studies  have  shown  that  a  potent  carcinogen  must  in  some  man- 
ner be  associated  with  living  taenia  larvae.  Any  rat  which  harbors  a  single 
one  of  these  living  parasites  in  its  liver  or  subcutaneous  tissues  may  ulti- 
mately die  of  a  rapidly  fatal  malignant  tumor.  The  more  parasites  the  rat 
has,  the  more  certain  its  death  from  malignant  disease  and  the  sooner,  on 
the  average,  will  it  occur.  The  adult  stage  of  this  parasite,  the  common 
tapeworm  of  the  cat,  on  the  other  hand,  exerts  no  carcinogenic  action  on 
its  host. 

Considerable  effort  has  been  made  to  grow  and  prepare  for  chemical 
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analyses  large  quantities  of  taenia  larvae.  With  the  cooperation  of  Pro- 
fessor R.  J.  Anderson,  Professor  of  Chemistry  at  Yale  University,  an 
attempt  is  being  made  to  isolate  and  determine  the  chemical  composition 
of  the  active  agent.  Sufficient  material  has  been  obtained,  to  date,  to  show 
that  the  chemical  composition  of  Cysticercus  fasciolaris  is  in  many  re- 
spects unusual.  The  report  of  Professors  Salisbury  and  Anderson,  to 
appear  in  the  August,  1939,  Journal  of  Biological  Chemistry,  gives  a  fairly 
complete  analysis  of  the  lipid  constituents,  particularly  the  phosphatide 
fractions  and  some  of  the  water-soluble  compounds.  The  larvae  were 
found  to  contain  practically  no  reducing  sugar  but  a  high  percentage  of 
glycogen  and  sufficient  sodium  and  potassium  to  give  the  ash  and  aque- 
ous extracts  a  strong  alkaline  reaction. 

A  method  of  simulating  Cysticercus  cysts  by  the  injection  of  nodules 
of  paraffin  containing  known  quantities  of  synthetic  carcinogenic  chem- 
icals was  suggested  by  Professor  F.  C.  Wood  and  has  proved  to  be  a 
very  effective  and  economical  method  of  inducing  tumors  in  rats  and  mice. 
By  this  method  tests  for  carcinogenic  properties  have  been  made  on 
several  fractions  derived  from  the  dried  larvae.  Cholesterol,  crude  fat 
(both  acetone  and  alcohol-ether  extractions),  cerebrosides,  polysaccha- 
rides, and  phosphatides  have  been  injected  in  about  five  hundred  rats  and 
all  have  thus  far  given  negative  results.  The  reaction  about  the  phospha- 
tide fraction  was  suggestive  of  the  reaction  produced  by  benzpyrene.  One 
rat  after  a  year  showed  active  connective  tissue  reaction  and  bone  forma- 
tion at  the  site  of  injection  in  the  subcutaneous  tissues.  Drs.  Dunning  and 
Curtis  have  found  that  dilute  concentrations  of  benzpyrene  produce  bone 
and  osteogenic  sarcomata  in  the  subcutaneous  tissues  of  rats,  and  hence 
they  are  testing  this  phosphatide  fraction  further  in  the  same  and  in 
higher  concentrations. 

Parasitologists  have  reported  that  rats  susceptible  to  Cysticercus  disease 
can  be  artificially  immunized  with  injections  of  extracts  of  whole  fresh 
larvae  or  dried  taenia.  Five  protein  fractions  derived  from  the  dried  larvae 
are  being  tested  for  their  immunological  properties  on  a  series  of  about 
three  hundred  rats  which  are  genetically  susceptible  to  infestation  by 
the  parasite.  Some  of  the  proteins  have  given  an  immunity  to  the  growth 
of  the  worm  in  the  liver.  It  has  been  found  that  the  age  of  the  rat  plays 
a  dominant  role  in  the  natural  and  artificially  induced  immunity  of  the 
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rat  to  the  parasite.  Dr.  Eisen  is  attempting  to  determine  the  effect  of 
castration  of  the  host  on  the  natural  immunity  which  develops  coinci- 
dentally  with  sexual  maturity. 

A  study  was  made  by  Drs.  Curtis  and  Dunning  of  the  effect  of  the 
age  of  the  rat  when  infested  on  the  occurrence  of  neoplastic  changes  in 
the  walls  of  Cysticercus  cysts.  Data  were  available  on  12,767  rats  which 
had  been  infested  for  at  least  eight  months,  the  minimum  period  for  the 
occurrence  of  a  tumor.  The  immunity  which  appears  to  this  parasite  in 
the  older  rats  limited  the  practicable  variation  in  the  age  infested  to  four 
monthly  age  groups  and  further  produced  between  these  groups  a  pro- 
gressive reduction  in  both  the  proportion  of  rats  fed  taenia  eggs  which 
were  infested  and  in  the  numbers  of  parasites  in  the  livers  of  the  infested 
rats.  The  12,767  infested  rats  had  128,294  Cysticercus  cysts  which  were 
distributed  respectively  among  the  hosts  infested  at  one,  two,  three,  and 
four  months  of  age,  as  follows:  83,230;  35,140;  8,185;  and  1,739. 

In  each  of  the  four  age  groups  an  increase  in  the  monthly  deaths  from 
sarcoma  corresponded  to  an  increase  in  the  age  of  the  parasites  or  the  num- 
ber of  parasites  in  the  livers  of  the  infested  rats.  Among  rats  with  an  equal 
infestation,  the  monthly  deaths  from  Cysticercus  sarcoma  did  not  vary 
with  the  age  of  the  rat  when  it  was  infested.  Further,  among  rats  dead 
with  Cysticercus  sarcoma  with  an  equal  degree  of  infestation,  the  average 
period  from  infestation  to  death  was  the  same  for  rats  infested  at  one, 
two,  three,  and  four  months  of  age.  It  can,  therefore,  be  concluded  that 
the  occurrence  of  Cysticercus  sarcoma  is  independent  of  the  age  of  the  rat 
when  infested. 

Drs.  Curtis  and  Dunning  have  nearly  completed  taking  the  data  for  a 
study  of  the  genetic  susceptibility  of  rats  of  two  inbred  strains  to  two 
simultaneously  transplanted  sarcomata.  These  two  tumors — Benzpyrene 
839,  a  subcutaneous  fibrosarcoma  induced  by  3 :4-benzpyrene,  and  IRS 
6820,  a  Cysticercus  plasmoma — arose  simultaneously  in  the  same  rat 
which  was  of  the  August-Copenhagen  strain.  Practically  all  the  rats  of 
this  strain  are  susceptible  to  both  tumors,  and  data  have  now  been  taken 
on  350  Fi  and  about  1,000  F2  and  backcrossed  hybrids  derived  from  crosses 
between  rats  of  this  susceptible  strain  and  the  Zimmerman  strain  which 
is  resistant  to  both  tumors.  The  Fi  hybrids  are  susceptible  to  both  tumors 
and  the  data  on  the  F2  population  will  show  whether  or  not  genetic  sus- 


l6  COLUMBIA    UNIVERSITY 

ceptibilities  to  the  two  tumors  induced  by  different  agents  in  the  same 
host  can  segregate  independently.  In  addition  about  one  hundred  young 
and  adult  male  and  female  rats  of  the  August-Copenhagen  cross  were 
castrated  by  Dr.  Eisen  to  determine  the  effect  of  castration  on  the  growth 
of  these  tumors. 

It  may  be  added,  incidentally,  that  this  highly  malignant  transplantable 
tumor  arising  in  the  liver  of  a  rat  from  the  incitation  of  some  chemical 
product  of  an  intestinal  parasite  has  no  exact  parallel  in  human  pathol- 
ogy. The  only  known  human  plasma  cell  tumor  arises  in  the  bone  mar- 
row as  a  myeloma.  The  extramedullary  types  in  man  are,  as  a  rule,  benign 
processes  without  distinct  neoplastic  properties. 

Drs.  Dunning  and  Curtis  have  completed  an  analysis  of  the  occurrence 
of  2,753  tumors  induced  at  the  site  of  injection  into  the  subcutaneous 
tissues  by  different  concentrations  of  3 :4-benzpyrene  in  paraffin  wax  in- 
jected in  foci  of  .2,  .1,  and  .05  c.c.  volume.  In  a  previous  experiment  they 
had  shown  that  in  rats  injected  with  foci  of  equal  volume  and  concen- 
trations of  chemical  the  number  of  foci  or  the  dose  of  the  chemical  deter- 
mined the  average  time  at  which  the  malignant  change  occurred  and  the 
probability  of  its  occurrence.  In  these  experiments  the  amount  of  the 
carcinogen  and  the  surface  area  of  the  tissue  exposed  were  varied  coin- 
cidentally,  and  the  purpose  of  the  present  experiment  was  to  separate 
these  two  factors  and  determine  their  relative  effectiveness.  The  dose  was 
varied  from  .2  to  24  mg.  per  rat  and  injected  in  three  concentrations, 
namely,  1,  .25,  and  .1  percent.  Following  the  injection  the  paraffin  contain- 
ing the  benzpyrene  solidified  in  fairly  uniform,  elliptical  nodules,  the 
surface  area  of  which  varied  from  approximately  186  sq.  mm.  for  foci  of 
.2  c.c.  volume  through  146  sq.  mm.  for  foci  of  .1  c.c.  volume  to  103  sq.  mm. 
for  the  foci  of  .05  c.c.  volume.  Two  milligrams  of  benzpyrene  was  injected 
in  one  focus  of  .2  c.c.  volume,  in  two  foci  of  .1  c.c.  or  four  foci  of  .05  c.c, 
and  likewise  4  mg.  were  distributed  in  two,  four,  or  eight  foci. 

Of  the  rats  injected  with  1  percent  benzpyrene  1,375  survived  for  sixty 
days  and  1,064  developed  tumors.  Tumors  were  observed  in  80  percent 
of  the  rats  with  foci  of  .2  c.c.  volume,  in  77  percent  of  those  with  foci  of 
.1  c.c.  volume,  and  in  70  percent  of  the  rats  with  foci  of  .05  c.c.  volume. 
An  increase  of  approximately  400  sq.  mm.  in  the  surface  area  of  the  tissue 
exposed  to  4  mg.  of  benzpyrene,  effected  by  increasing  the  number  of  foci 
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in  which  it  was  injected,  failed  to  increase  the  percentage  of  rats  in  which 
tumors  were  induced.  Among  the  rats  injected  with  .25  percent  benz- 
pyrene  60  percent  developed  tumors,  while  less  than  30  percent  of  those 
injected  with  .1  percent  benzpyrene  had  induced  tumors. 

When  the  same  surface  area  of  tissue  was  exposed  at  foci  of  equal 
volume  containing  varying  quantities  of  benzpyrene,  the  weaker  concen- 
trations induced  tumors  in  a  smaller  percentage  of  the  injected  rats  and 
induced  the  tumors  in  an  increasingly  variable  and  longer  average  time. 
This  would  suggest  that  the  probability  of  the  occurrence  of  malignant 
disease  and  the  time  necessary  to  induce  it  were  determined  by  the  extent 
of  some  specific  injury  to  the  cells.  A  paper  embodying  the  above  results, 
entitled  "Volume  of  Injection  and  Concentration  of  Carcinogenic  Chemi- 
cal as  Factors  in  the  Initiation  of  the  Malignant  Process  and  Their 
Bearing  on  the  Somatic  Mutation  Hypothesis,"  has  been  prepared  for 
presentation  at  the  Third  International  Cancer  Congress  at  Atlantic  City, 
September  11, 1939. 

Drs.  Dunning  and  Curtis  also  prepared  for  presentation  at  the  Seventh 
International  Genetics  Congress  in  Edinburgh,  August  26,  1939,  a  paper 
entitled  "Host  Constitution  and  the  Incidence  of  Chemically  Induced 
Tumors."  They  presented  the  results  of  their  study  on  the  relation  be- 
tween the  surface  area  of  tissue  exposed  to  a  given  quantity  of  carcino- 
genic chemical  and  differences  in  host  constitution.  This  study  of  the 
incidence  of  tumors  in  discrete  foci  of  1  percent  benzpyrene  failed  to 
show  any  consistent  difference  in  the  percentage  of  tumors  induced,  in 
the  average  time  of  their  occurrence,  or  in  the  proportion  of  deaths  from 
induced  tumors  in  a  given  sixty-day  period  which  could  be  attributed  to 
differences  in  the  host's  constitution,  when  rats  of  both  sexes  of  a  wide 
variety  of  ages  and  of  different  genetic  constitutions  were  injected  with 
similar  doses  of  benzpyrene  and  were  compared  for  the  same  quantity 
of  benzpyrene  injected  in  foci  of  different  volumes.  If  the  response  to  the 
chemical  incitant  had  been  affected  by  any  constituent  of  the  cell  which 
varied  with  the  age,  sex,  or  strain  of  the  host,  progressive  differences 
would  have  been  expected  with  an  increase  in  the  surface  area  of  the 
host's  tissue  exposed  to  a  given  dose  of  the  chemical. 

Differences  in  the  concentration  of  the  chemical  were  found  to  modify 
significantly  the  number  of  tumors  induced,  and  a  reduction  in  the  con- 
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centration  of  the  chemical  decreased  the  percentage  of  tumors  induced 
and  significantly  increased  the  average  period  from  injection  to  observa- 
tion of  the  tumors,  while  an  increase  in  the  surface  area  of  the  tissue 
exposed  to  a  given  dose  of  the  chemical  failed  to  enhance  the  differences 
between  hosts  of  different  constitution.  These  results  would  seem  to  indi- 
cate that  observed  genetic  differences  in  the  occurrence  of  spontaneous 
tumors  are  due  to  variations  in  the  production  or  in  the  distribution  of 
different  quantities  or  concentrations  of  incitants  rather  than  to  differ- 
ences in  cell  constitution. 

During  the  year  Drs.  Dunning  and  Curtis  have  injected  about  six 
hundred  rats  and  mice  with  a  colorless,  highly  refined  i  \i  15 :6-dibenzan- 
thracene  product.  Tumors  are  appearing  more  rapidly  than  with  the 
commercial  impure  product,  but  further  observations  on  the  occurrence 
of  tumors  will  be  necessary  to  determine  whether  the  prolonged  period 
previously  observed  for  the  occurrence  of  dibenzanthracene  tumors  was 
due  to  the  nature  of  the  chemical  or  to  a  reduction  in  the  concentration  of 
the  active  principle  by  the  inclusion  of  inactive  hydrocarbons. 

Drs.  Dunning  and  Curtis  presented  at  the  Genetics  Section  of  the  meet- 
ing of  the  American  Association  for  the  Advancement  of  Science,  in 
Richmond,  December  27,  1938,  a  demonstration  of  the  linkage  between 
a  pathological  condition  (thrombosed  varix)  of  the  rat's  liver  and  the 
pink-eyed  dilute  coat-color  gene. 

Drs.  Dunning,  Eisen,  and  Curtis  are  making  a  study  of  the  morphology 
of  about  one  thousand  tumors  induced  by  methylcholanthrene  and  Drs. 
Dunning  and  Curtis  are  cooperating  with  Dr.  Carl  Reich,  hematologist 
at  Lenox  Hill  Hospital,  in  a  study  of  the  changes  in  the  morphology  of 
the  blood  in  hybrid  mice  derived  from  a  cross  between  A-K,  a  high 
leukemic  strain  obtained  from  Dr.  Jacob  Furth,  of  Cornell  University, 
and  the  high  breast-tumor  strain  R  III  obtained  from  Dr.  Dobrovolskaia- 
Zavadskaia,  of  Paris. 

Another  phase  in  the  study  of  hormonal  activities  is  to  use  a  slow- 
growing,  benign,  transplantable  breast  fibro-adenoma  as  an  indicator. 
For  more  than  a  year  the  effect  of  male  sex  hormone  has  been  studied 
by  Dr.  Jacob  Heiman  on  a  series  of  rats  bearing  such  a  tumor  arising 
spontaneously  in  the  breast  of  an  old  female.  Normal  and  castrated  ani- 
mals were  inoculated.  In  normal  and  castrated  females  after  prolonged 
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injection  of  the  male  sex  hormone,  testosterone  propionate,  the  trans- 
planted fibro-adenoma  did  not  grow.  If  smaller  doses  were  injected  for  a 
brief  period  and  then  the  injections  were  stopped,  the  transplanted  tumor 
would  grow  in  about  25  percent  of  the  normal  females,  after  a  protracted 
latent  period  during  which  no  injections  were  given. 

It  is  known  that  the  male  sex  hormone  produces  hyperplasia  in  normal 
fallopian  tubes,  mammary  glands,  and  nipples.  However,  it  seems  to 
retard  or  inhibit  the  growth  of  heterosexual  tumor  tissue  transplants. 
Even  after  cessation  of  the  injections  in  female  castrates  no  tumors  ap- 
peared. During  the  period  of  injections  no  tumors  grew  in  normal  males. 
It  appears  as  though  the  enhancement  of  the  male  component  further 
retards  transplanted  growths  in  this  series.  After  small  doses  for  a  short 
period,  followed  by  an  interval  of  rest  for  three  months,  the  tumor  grew 
in  35  percent  of  the  inoculated  normal  males,  which  is  about  the  average 
occurring  in  normal  uninjected  males. 

The  normal  rate  of  transplanted  tumor  growth  in  castrated,  uninjected 
males  is  about  54  percent.  During  the  period  of  male  sex  hormone  injec- 
tions no  tumors  grew  in  male  castrates.  After  three  to  six  months  with 
no  further  injections  and  after  a  prolonged  latent  period  the  tumor  grew 
in  32  percent  of  the  inoculated  male  castrates. 

The  male  sex  hormone  injections  do  not  seem  to  retard  the  progress 
of  a  rapidly  growing  sarcoma  in  normal  males  or  castrated  females.  How- 
ever, in  one  series  the  growth  incidence  of  the  tumor  in  normal  female 
rats  injected  with  male  sex  hormone  was  reduced  to  25  percent,  while 
in  the  controls  the  growth  incidence  was  100  percent. 

The  unexplained  increase  in  the  growth  of  benign,  transplanted  fibro- 
adenomata  in  male  castrates  led  to  a  further  study  of  the  pituitary  and 
adrenals  in  this  group.  A  series  of  experiments  is  being  carried  on  by 
implantation  into  normal  and  castrated  tumor-inoculated  rats  of  adrenal 
or  pituitary  glands  removed  from  tumor-free  castrates.  This  work  is 
necessarily  slow  since  age  groups  and  post-castration  time  intervals  must 
be  taken  into  consideration. 

Dr.  Helen  Heiman  has  carried  on  detailed  studies  of  the  Flexner- 
Jobling  rat  carcinoma  in  various  sex  and  age  groups  after  the  injection  of 
male  or  female  sex  hormones  in  ninety-six  tumor-inoculated  animals. 
Since  hormone  studies  have  been  in  progress  on  benign  tumors  in  rats, 
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it  was  thought  advisable  to  inaugurate  similar  studies  on  malignant 
epithelial  tumors. 

The  animals  were  divided  into  different  age  and  sex  groups  after  tumor 
(FRC)  inoculation  and  were  observed  following  injection  of  male  sex  or 
female  sex  hormones.  Some  of  the  injections  were  given  concomitantly 
with  tumor  inoculation  and  others  at  different  time  intervals  following 
the  onset  of  tumor  growth.  Observations  are  in  progress  on  the  number 
of  takes,  recessions,  morphologic  changes,  the  rate  of  fibrosis  and  necrosis 
and  other  pathologic  changes  occurring  in  the  injected  as  compared  with 
the  uninjected  groups.  The  influence  of  injections  of  the  heterosexual 
hormone  on  malignant  tumors  is  being  studied  as  compared  with  the 
effects  of  injecting  the  homosexual  hormone. 

In  a  series  of  twelve  adult  female  rabbits  crystalline  female  sex  hormone 
was  introduced  subcutaneously  following  a  series  of  tar  painting  of  one 
group,  and  implantation  of  Shope  virus  tumor  in  another  group.  These 
studies  are  still  in  progress. 

The  chemical  investigations  of  the  constitution  and  detailed  structure 
of  the  male  and  female  sex  hormones  during  the  past  twenty-five  years 
have  resulted  in  an  extraordinary  series  of  discoveries  which  have  of  late 
permitted  the  synthesis  of  these  substances  and  many  closely  related  com- 
pounds. Some  of  these  do  not  occur  in  the  body  but  still  have  powerful 
effects  on  the  tissues  of  the  sexual  organs,  the  full  scope  of  which  is  not 
known.  One  phase  is  to  determine  whether  the  injection  of  these  sub- 
stances can  induce  malignant  tumors  in  animals  not  usually  subject  to 
this  disease. 

In  the  pursuit  of  this  possibility  Dr.  Milton  J.  Eisen  has  treated  female 
and  male  rats  of  various  inbred  strains  with  large  doses  of  the  female  sex 
hormone,  estrogen,  dissolved  in  oil  or  in  crystalline  form.  Cancer  of  the 
breast  is  exceedingly  rare  in  rats.  Treatment  was  begun  at  the  age  of  two 
to  four  weeks.  No  tumors  have  as  yet  been  observed  in  a  group  of  eighteen 
animals  injected  subcutaneously  with  50  gammas  of  estradiol  benzoate 
three  times  weekly  for  varying  periods  up  to  fifty  weeks,  nor  did  neo- 
plasia occur  in  twelve  animals  receiving  in  addition  25  rat  units  of  anterior 
pituitary  sex  hormone.  The  gonadotropic  hormone  was  added  in  an 
attempt  to  stimulate  production  by  the  animals  of  endogenous  ovarian 
hormone.  Combined  injections  were  tolerated  poorly.  The  longest  sur- 
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vival  time  was  thirty  weeks,  whereas  only  six  of  eighteen  rats  receiving 
estrogen  alone  died  in  this  period.  Males  treated  with  both  hormones 
showed  the  curious  dilatation  of  the  inguinal  ring  and  edema  of  the 
scrotal  sac  already  described  in  mice.  The  hyperplastic  changes  in  the 
breast,  female  genitalia,  and  accessory  genital  tissues  of  the  male,  espe- 
cially the  seminal  vesicles,  in  both  groups  were  comparable,  as  were 
the  alterations  in  the  pituitary  glands.  Hypophyseal  changes  were  first 
observed  in  animals  dying  after  twelve  to  sixteen  weeks.  Soft,  enormously 
enlarged  pituitary  glands  consisting  predominantly  of  chromophobe  cells 
were  observed  in  all  male  and  female  rats  dying  later  in  the  course  of 
injections.  Fragments  of  one  extensively  involved  pituitary  failed  to  grow 
after  subcutaneous  implantation  in  rats  of  the  same  strain,  showing  that 
no  malignant  alteration  had  occurred  in  the  cells.  The  advances  in  science, 
it  will  be  noted,  have  forced  the  inclusion  of  the  pituitary  and  adrenal 
glands  in  the  group  of  sexual  organs.  Gonadotropic  hormone  alone  was 
injected  in  eight  rats,  and  no  significant  changes  were  observed  in  five 
surviving  animals  after  fifty  weeks. 

Twelve  rats  received  500  gammas  of  estradiol  dipropionate  twice 
weekly.  Extensive  mammary  hyperplasia  resulted,  but  no  tumors  have 
been  observed  in  seven  animals  surviving  after  thirty-five  weeks,  despite 
injection  of  a  total  dose  of  34  mg.  of  the  hormone.  Pituitary  changes  were 
similar  in  this  group,  although  stunting  of  body  growth  was  more  pro- 
nounced with  larger  doses  of  estrogen. 

No  tumors  have  developed  in  twenty-four  rats  receiving  a  single  sub- 
cutaneous implantation  of  1  mg.  of  crystalline  estradiol  benzoate  or  dipro- 
pionate that  survived  as  long  as  thirty-five  weeks.  Neoplasia  has  not 
occurred  in  thirty-one  female  rats  observed  now  for  twelve  weeks  after 
implantation  of  massive  doses  varying  from  3  to  6  mg.  of  crystalline 
estradiol  dipropionate.  Continuous  estrus  is  present  in  these  animals  as 
shown  by  vaginal  smears.  Breast  changes,  as  yet  limited  to  hyperplasia, 
have  been  studied  by  periodic  biopsies. 

Attempts  have  been  made  to  induce  breast  neoplasia  in  female  rats 
three  to  six  months  of  age  by  estrogen  stimulation  of  subcutaneous  or 
intramuscular  autotransplants  of  mammary  tissue  in  the  back  and  femo- 
ral region  respectively.  Of  eleven  animals  eight  were  lactating  when 
treatment  was  instituted.  No  tumors  have  been  observed  in  rats  receiving 
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50  gammas  of  estradiol  benzoate  daily  for  twenty-eight  weeks,  then  three 
times  weekly  for  fourteen  weeks,  or  thirty-two  to  thirty-four  weeks  after 
implantation  of  1  to  3  mg.  of  the  crystalline  hormone. 

Dr.  Eisen  has  also  been  conducting  observations  on  the  growth  of  a 
transplantable  adenocarcinoma  of  the  rat  breast,  tumor  R  2426,  which 
arose  spontaneously  in  a  female  rat  of  the  twenty-seventh  brother-by-sister 
generation  of  line  7322  of  the  August  strain  bred  by  Drs.  Curtis  and 
Dunning.  This  relatively  slow-growing  cancer  is  now  in  its  fifth  genera- 
tion and  has  been  successfully  transplanted  in  100  percent  of  inbred  ani- 
mals of  lines  7322  and  28807.  The  latter  arose  in  a  half-brother-and-sister 
mating  of  line  7322.  Tumor  growth  is  equally  successful  after  intraperi- 
toneal, intraocular,  or  intravenous  injections  of  neoplastic  tissue.  The 
lung  nodules  which  develop  after  intravenous  injection  show  a  frank 
papillary  structure  totally  absent  in  tumors  in  other  locations.  Experi- 
ments are  now  in  course  to  determine  whether  this  papillary  structure  is 
maintained  after  subcutaneous  implantations  of  lung  growths.  The  tumor 
does  not  induce  concomitant  immunity.  Observations  on  the  growth  of 
transplanted  tumors  in  homozygous  animal  stocks  indicate  two  impor- 
tant facts:  the  regularity  of  tumor  growth  in  animals  of  a  uniform  genetic 
constitution  and  the  absence  of  tumor  immunity.  Older  observations  on 
immunity  based  on  tumor  growth  in  heterozygous  stocks  recorded  reac- 
tions to  cells  of  alien  strains,  whether  this  be  tumor,  embryo  skin,  or  other 
tissue,  and  not  specific  antitumoral  effects. 

Subcutaneous  implants  of  tumor  R  2426  failed  to  produce  tumors  in 
animals  of  alien  inbred  strains,  nor  was  it  possible  to  graft  the  tumor  in 
the  anterior  chamber  of  the  eye  of  rats  of  unrelated  strains.  Similarly 
intraocular  transplants  in  rats  of  alien  strains  have  also  been  unsuccessful 
in  the  case  of  a  highly  malignant  Cysticercus  plasmoma  (IRS  6820)  which 
originated  in  the  liver  of  a  cross  between  two  strains,  the  August  and 
the  Copenhagen. 

Studies  are  now  being  made  on  the  radiosensitivity  of  R  2426  in  vitro 
and  in  vivo.  A  complementary  series  of  studies  is  in  progress  utilizing  a 
transplantable  mammary  cancer  in  the  R  III  strain  of  mice  of  Dr.  Dobro- 
volskaia-Zavadskaia  mentioned  above.  It  is  certain  that  homozygous 
strains  may  afford  more  complete  information  on  the  method  of  radia- 
tion destruction  of  neoplastic  tissue  and  the  requisite  doses.  Tumors  in 
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R  III  showed  conspicuous  regressive  changes  one  week  after  the  ad- 
ministration of  1500  r.  The  growths  recurred,  however,  if  incompletely 
excised  at  this  time,  and  transplants  of  fragments  in  other  mice  produced 
tumors.  If  permitted  to  remain  in  situ,  the  tumors  continued  to  grow 
following  an  original  period  of  diminution  in  size.  This  is  quite  different 
from  what  occurs  when  animals  of  mixed  genetic  constitution  are 
employed  in  studying  the  lethal  effects  of  radiation. 

Previous  observations  of  Drs.  Dunning,  Curtis,  and  Bullock  indicated 
that  benzpyrene  injected  subcutaneously  in  paraffin  was  capable  of  elicit- 
ing a  small  number  of  breast  cancers  in  rats.  Varying  degrees  of  breast 
hyperplasia  have  been  observed  in  tissues  surrounding  benzpyrene  nod- 
ules or  sarcomata.  Dr.  Eisen  has  confirmed  Cook's  discovery  of  the  estro- 
genic activity  of  benzpyrene.  Estrus  occurred  in  castrated  adult  rats 
ninety-six  hours  after  intraperitoneal  injections  of  60  to  100  mg.  of  the 
hydrocarbon  dissolved  in  sesame  oil.  No  estrogenic  activity  was  induced 
by  8  to  25  mg.  of  benzpyrene  in  noncastrated  immature  rats  three  weeks 
of  age.  The  large  quantities  of  hydrocarbon  required  for  full  estrus  make 
it  appear  unlikely  that  mammary  stimulation  produced  by  benzpyrene  is 
comparable  to  the  action  of  female  sex  hormone.  The  effect  is  probably 
the  result  of  a  direct  irritative  action.  Experiments  in  collaboration  with 
Professor  Woglom  are  being  conducted  to  observe  the  local  and  constitu- 
tional effects  of  the  carcinogenic  agent  in  combination  with  other  irri- 
tative and  proliferative  phenomena. 

One  of  the  phases  of  cancer  research  has  to  do  with  the  growth  of  human 
and  animal  tissue  in  artificial  culture  media  in  order  to  study  the  detailed 
biology  of  the  cell  freed  from  all  effects  of  the  body  as  a  whole.  Obviously, 
success  or  failure  depends  upon  the  possibility  of  producing  a  medium 
in  which  the  tissue  cells  grow  in  an  approximately  normal  manner. 
Hitherto  most  of  the  media  employed  for  this  purpose  have  been  blood 
plasma,  either  human  or  animal,  or  mixtures  of  various  blood  plasmas, 
together  with  the  addition  of  an  extract  obtained  by  grinding  the  tissues 
of  unhatched  chickens  or  unborn  mice  or  rats.  The  juice  so  obtained  is 
added,  after  filtering,  in  carefully  measured  quantities  to  the  culture 
medium.  One  of  the  curious  aspects  of  investigations  along  these  lines 
was  to  find  some  thirty  years  ago  that  human  and  animal  tissues  will 
often  grow  extremely  well  in  plasma  from  an  alien  species,  whereas  it  is 
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impossible  to  grow  either  normal  tissues  or  tumors  in  an  animal  except 
within  strict  limitations  of  species  and  often  even  of  strains.  This  is  due 
to  the  fact  that  in  culture  media  the  blood  plasma  is  simply  a  food  and 
the  fibrin  in  the  clot  a  supporting  medium  which  permits  a  certain 
amount  of  circulation  of  feeding  material,  while  in  the  animal  the  growth 
of  the  tissue  incites  protective  reactions  which  rapidly  destroy  the  grow- 
ing cells.  None  of  the  media  hitherto  devised  have  been  wholly  satisfac- 
tory, tumor  tissue,  especially,  often  growing  poorly  and  dying  after  a  few 
weeks  or  months  despite  every  effort. 

Dr.  Johannes  P.  M.  Vogelaar  has,  therefore,  for  many  years  been  work- 
ing on  a  simplification  of  tissue-culture  technic,  using  a  type  of  sterile 
plasma  which  is  easily  obtainable  in  large  quantities  and  can  be  kept  for 
months  in  perfect  condition  under  proper  refrigeration.  For  this  purpose, 
obviously,  beef  plasma  is  most  convenient  and  large  quantities  of  a  stand- 
ard culture  medium  can  be  prepared  from  such  plasma  after  the  addition 
of  certain  highly  purified  substances,  so  that  it  is  unnecessary  to  use  em- 
bryo extract,  the  exact  composition  of  which  varies  considerably.  The 
great  advantages  of  a  standard  medium  of  this  sort  lie  in  the  fact  that 
small  shades  of  difference  in  the  growth  capacity  of  cells  can  be  brought 
out,  and  by  such  observations  it  has  been  discovered  that  instead  of  our 
supporting  connective  tissues  being  composed,  as  might  be  expected,  of 
cells  of  standard  structure  and  quality,  because  they  all  look  the  same 
under  the  microscope,  there  is  actually  a  very  considerable  variability  in 
these  cells.  Confirmation  of  this  fact  is  now  available  from  an  entirely 
different  aspect.  The  injection  of  a  specific  carcinogenic  substance,  such 
as  dibenzanthracene,  into  the  subcutaneous  tissues  of  an  albino  rat,  for 
example,  will  produce  tumors  in  the  same  rat  and  from  the  same  tissues 
of  greatly  varying  malignancy  and  even  with  considerable  variation  in 
the  type  of  cell  which  forms  the  tumor.  Thus  the  rat  must  have  a  number 
of  biologically  different  kinds  of  connective  tissue  under  its  skin  which 
are  not,  under  normal  conditions,  revealed  by  examination  under  the 
microscope.  So,  too,  cultures  of  human  connective  tissue  from  the  thyroid 
gland  have  shown  that  connective  tissue  cells  closely  resembling  each  other 
in  structure  have  different  growth  rates  and  differ  in  other  properties. 

Since  success  in  tissue-culture  work  is  dependent  upon  a  host  of  minute 
details  and  in  answer  to  numerous  requests,  a  paper  was  published  in  The 
American  Journal  of  Cancer  this  year,  giving  in  extended  form  the  tech- 
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nic  of  the  preparation  of  the  fluid  used  for  the  cultivation  of  human 
tissues.  Different  media  are  necessary  for  the  cultivation  of  different  ani- 
mal structures.  On  the  basis  of  the  culture  medium  which  Dr,  Vogelaar 
has  worked  out  in  recent  years  in  the  Institute  of  Cancer  Research,  it  was 
possible  for  Dr.  E.  L.  Baker,  of  the  Rockefeller  Institute,  to  devise  a  very 
effective  perfusion  fluid  for  keeping  alive  whole  organs  by  the  Carrel- 
Lindbergh  technic.  Since  it  was  found  that  perfusion  of  blood  alone  was 
unsuitable,  and  the  use  of  embryo  extract  impractical,  merely  by  the  addi- 
tion of  some  vitamins  and  hormones  a  satisfactory  perfusion  liquid  was 
devised. 

During  the  year  experiments  were  continued  with  the  purpose  of  im- 
proving the  quality  of  the  culture  medium  so  as  to  grow  epithelium  and, 
fortunately,  such  a  medium  was  discovered.  It  is  of  very  complex  com- 
position and  contains  seven  vitamins  and  several  hormones,  the  indi- 
vidual significance  of  which  cannot  be  absolutely  stated  as  yet,  together 
with  a  very  considerable  number  of  pure  organic  and  inorganic  materials. 
For  example,  the  effect  of  iodine  on  the  growth  in  culture  of  human 
fibrous  tissue  cells,  referred  to  in  the  last  report  and  soon  to  be  published 
in  The  American  Journal  of  Cancer,  showed  that  chlorine  and  iodine  may 
be  interchanged  in  a  medium  well  suited  for  human  tissues.  Up  to  80 
percent  of  the  chlorine  can  be  replaced  by  iodine  without  interfering  with 
the  growth  of  human  thyroid  tissue,  but  no  specific  effect  of  iodine  on  the 
growth  of  either  fibroblasts  or  epithelial  cells  from  this  structure  could 
be  noticed.  It  was  also  found  that  while  excellent  growth  of  human  tissues 
could  be  obtained  in  a  medium  containing  a  considerable  amount  of  a 
bromide,  the  addition  of  even  traces  of  a  fluoride  exerted  a  harmful 
effect.  The  completion  of  studies  of  this  type  will  unquestionably  lead  to 
a  better  understanding  of  the  physicochemical  role  played  by  the  halogens 
in  cell  metabolism. 

Parallel  with  this  work,  an  extensive  study  was  carried  out  on  the 
growth  of  human  tissues  in  a  culture  containing  glutamic  acid.  The 
recent  reports  of  Kogl  and  Erxleben  on  the  occurrence  of  an  abnor- 
mal type  of  glutamic  acid  in  tumor  tissue  has  again  focused  attention  on 
the  relationship  between  protein  metabolism  and  tumor  growth.  It  was 
found  during  the  course  of  the  work  that  an  extremely  dilute  solution  of 
1-glutamic  acid  has  a  pronounced  inhibitory  effect  on  growth  of  human 
fibroblasts,  provided  that  the  higher  split  products  of  proteins,  such  as 
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the  proteoses  and  peptones,  are  absent.  When,  however,  the  latter  are 
present,  the  1-glutamic  acid  has  a  favorable  effect  on  growth.  These  ob- 
servations are  comparable  to  those  obtained  with  another  amino  acid, 
glycine,  as  reported  in  a  previous  article  from  this  laboratory.  However, 
glutamic  acid  proved  to  be  twice  as  effective  as  glycine,  a  fact  which  is 
understandable  from  a  theoretical  point  of  view.  It  is  highly  probable  that 
further  systematic  study  with  other  amino  acids  will  prove  that  all  of 
these  will  inhibit  growth  under  given  circumstances.  Further  research  on 
amino  acids  will  undoubtedly  lead  to  a  better  understanding  of  the  pos- 
sible relationship  between  diet  and  the  growth  rate  of  cancer,  and,  obvi- 
ously, if  Kogl's  observations  on  the  differences  in  specific  rotatory  power 
of  the  amino  acids  in  cancer  are  supported  by  work  in  other  laboratories, 
a  wide  field  will  be  open  for  exploration.  Kogl  in  his  papers  has  made 
somewhat  dogmatic  claims  as  to  the  importance  of  his  discoveries,  which 
apparently  have  excited  a  good  deal  of  interest  in  their  refutation.  So  far 
reports  confirming  or  refuting  his  work  are  about  even.  Unfortunately, 
those  who  have  criticized  have  not  used  the  technic  which  Kogl  em- 
ployed, and  it  has  been  an  elementary  task  for  him  to  show  the  fallacy 
inherent  in  certain  published  statements. 

Lack  of  funds  and  space  will  shortly  compel  the  interruption  of  this 
interesting  type  of  investigation,  which,  however,  will  undoubtedly  be 
continued  elsewhere.  In  any  case  the  thanks  of  the  Director  of  the  Insti- 
tute are  due  to  the  managers  of  St.  Luke's  Hospital  who  have  for  many 
years  placed  at  the  disposal  of  the  Institute  ample  facilities  for  Dr.  Vogel- 
aar  and  Miss  Erlichman  to  carry  on  their  investigations  on  fresh  human 
material  removed  during  surgical  procedures. 

Professor  Francis  Carter  Wood  is  still  actively  engaged,  as  president, 
in  plans  for  the  program  of  the  Third  International  Cancer  Congress,  to 
be  held  in  Atlantic  City,  New  Jersey,  in  September,  1939,  under  the 
auspices  of  the  International  Union  against  Cancer,  and  is  progressing 
in  the  preparation  of  the  International  Diagnostic  Atlas  of  Tumors,  re- 
ferred to  in  the  previous  report.  He  continues  as  a  member  of  the  Scien- 
tific Advisory  Board  of  the  International  Cancer  Research  Foundation, 
also  as  editor  of  The  American  Journal  of  Cancer,  and  has  been  made 
consultant  in  the  United  States  Public  Health  Service  in  connection  with 
the  National  Cancer  Institute. 
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As  the  representative  of  Columbia  University  and  the  Institute  as  well 
as  the  United  States  Public  Health  Service  and  the  New  York  Academy 
of  Medicine  Professor  Wood  attended  the  celebration  of  the  discovery  of 
radium,  electrons,  x-rays,  and  electromagnetic  waves  observed  in  Paris 
during  International  Cancer  Week,  November  23  to  30, 1938,  presented  a 
paper  on  "Utilisation  des  tests  biologiques  pour  un  dosage  des  rayons  X," 
and  with  Senateur  Justin  Godart,  president  of  the  International  Union 
against  Cancer,  and  Dr.  Joseph  E.  Gendreau,  of  Montreal,  broadcast  from 
Paris  a  message  of  greeting  to  the  friends  of  the  late  Marie  Curie. 

Professor  Wood  as  chairman  of  the  Committee  on  Exhibit  on  Cancer 
of  the  New  York  World's  Fair  opened  this  exhibit,  with  Mile  Eve  Curie, 
with  a  radio  address. 

He  gave  the  A.  Walter  Suiter  Lecture  on  "Early  Diagnosis  of  Cancer" 
before  the  April  session  of  the  Medical  Society  of  the  State  of  New  York, 
and  attended  a  meeting  in  Harrisburg  for  a  discussion  of  the  organization 
of  a  cancer  division  of  the  Pennsylvania  State  Board  of  Health,  at  which 
the  Governor  of  Pennsylvania,  members  of  the  legislature,  and  other  gov- 
ernment officials  and  representatives  of  the  medical  profession  were 
present.  He  has  furnished  the  customary  articles  for  the  Americana  An- 
nual and  the  Britannica  Boo\  of  the  Year. 

Professor  Wood  gave  a  number  of  lectures  during  the  year,  among 
them  one  on  Marie  Curie's  work  at  the  exercises  in  New  York  under  the 
auspices  of  the  New  York  State  Conference  of  Polish  Clubs  and  the 
United  St.  Stanislaus  Societies;  the  Bergen  Lecture  at  Yale  University; 
a  lecture  on  the  experimental  study  of  tumors  to  the  students  at  Long 
Island  College  Hospital,  and  one  on  the  biology  of  cancer  to  the  students 
in  zoology  at  Barnard  College. 

Professor  Woglom  gave  his  usual  course  on  the  morphology  of  tumors 
at  the  Institute  during  the  Summer  Session,  and  later  in  the  year  ad- 
dressed the  students  at  the  College  of  Physicians  and  Surgeons  and  at  the 
University  of  Pennsylvania. 

The  Institute  continues  to  furnish  a  large  number  of  tumor-bearing 
animals  to  various  scientific  workers  and  research  laboratories. 

A  list  of  the  most  important  publications  of  the  members  of  the  labora- 
tory staff  during  the  year  follows : 
Curtis,  Maynie  R.,  and  Wilhelmina  F.  Dunning,  "Linkage  in  Rats  between 
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Factors  Determining  a  Pathological  Condition  and  Coat  Color."  Genetics, 
XXIV  (January,  1939),  70. 

Heiman,  Jacob,  "The  Anterior  Pituitary  Gland  in  Tumor-Bearing  Rats."  The 
American  Journal  of  Cancer,  XXXIII  (July,  1938),  434-48. 

"A  Comparative  Study  of  the  Ovaries  and  Other  Endocrine  Glands  in 

Rats  with  Benign  Transplanted  Breast  Tumors  and  in  Normal  Rats  In- 
jected with  Sex  Hormones."  The  American  Journal  of  Cancer,  XXXIV 
(December,  1938),  586-88. 

Packard,  Charles,  "The  Biological  Measurement  of  Radiations."  The  Ameri- 
can Journal  of  Roentgenology  and  Radium  Therapy,  XLI  (March,  1939), 

44x-43- 
Vogelaar,  Johannes  P.  M.,  and  Eleanor  Erlichman,  "Contributions  to  Tissue 

Culture  Technic."  The  American  Journal  of  Cancer,  XXXV  (April,  1939), 

510-20. 

Woglom,  William  H.,  and  Joel  Warren,  "A  Pyogenic  Filterable  Agent  in  the 

Albino  Rat."  The  Journal  of  Experimental  Medicine,  LXVIII  (October, 

!938)>  5!3-28- 
"Sarcoma  37  and  the  Virus  Problem."   The  American  Journal  of 

Cancer,  XXXV  (March,  1939),  374~77- 

-"The  Nature  of  a  Pyogenic  Filterable  Agent  in  the  White  Rat."  The 


Journal  of  Hygiene,  XXXIX  (June,  1939),  266-67. 
Wood,  Francis  Carter,  "The  New  Cancer  Test — A  Warning  as  to  Its  Limita- 
tions." The  Independent  Journal  of  Columbia  University,  Vol.  VI,  April, 

I939;4 

"Utilisation  des  tests  biologiques  pour  un  dosage  des  rayons  X."  Unio 

Internationalis  contra  Cancrum  Acta,  Numero  special  consacre  a  la  Semaine 
Internationale  contre  le  Cancer  et  a  la  Reunion  Internationale  pour  la  Com- 
memoration de  la  Decouverte  du  Radium,  des  Electrons,  des  Rayons  X, 
et  des  Ondes  Hertziennes,  IV  (Nos.  1-2,  1939),  165-74. 

It  is  a  great  pleasure  to  acknowledge  the  contributions  from  the  Anna 
Fuller  Fund,  the  Childs  Fund,  and  the  Louis  D.  Beaumont  Trust.  As 
stated  elsewhere,  the  generous  grant  from  the  John  and  Mary  R.  Markle 
Foundation  has  been  of  the  utmost  help  in  our  work  in  the  million-volt 
x-ray  apparatus  built  by  the  Institute  in  connection  with  the  Presbyterian 
Hospital.  The  Director  also  acknowledges  with  gratitude  a  gift  of  $10,000 
from  the  anonymous  donor  who  for  so  many  years  has  regularly  con- 
tributed to  the  work  of  the  Institute.  Thanks  also  are  most  generously 
tendered  for  the  many  smaller  gifts  received  during  the  year.  All  these 
contributions  have  enabled  the  Institute  to  carry  on  its  planned  research 
without  interruption. 
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As  this  is  the  last  report  which  the  present  Director  will  make  on  the 
work  of  the  Institute  of  Cancer  Research,  he  takes  this  opportunity  to 
express  his  appreciation  of  the  faithful  services  which  have  been  given 
to  the  Institute  during  the  twenty-six  years  of  its  existence  by  the  mem- 
bers of  the  staff  and  the  technical  assistants.  No  one  who  has  not  been 
completely  immersed  in  research  of  an  extremely  tedious  and  time-con- 
suming nature,  as  is  inevitable  when  attempting  to  unravel  even  some 
small  aspect  of  so  complex  a  biological  problem  as  that  of  cancer,  can 
comprehend  the  arduous  nature  of  the  work,  requiring  the  recording  of 
observations  made  on  thousands  of  animals,  of  the  necessity  for  the  most 
careful  repetition  of  such  work  to  eliminate  possible  errors,  and  the  long 
hours  which  many  of  the  investigators  gave  freely  to  the  Institute  with- 
out any  feeling  of  self-sacrifice.  In  working  with  biological  material  one 
can  neither  slumber  nor  sleep.  Sundays  and  holidays  cease  to  exist  for 
those  who  have  to  observe  for  statistical  purposes  large  groups  of  animals, 
the  death  of  a  small  portion  of  which  will  completely  upset  the  experi- 
mental work  of  a  year  or  two.  After  a  long,  hot,  summer  day  some  mem- 
ber of  the  staff  was  always  to  be  found  checking  the  water  supply  of  the 
thousands  of  small  creatures  whose  life  depended  upon  their  receiving 
an  ample  supply  of  water  during  the  night.  In  all  these  years  of  continu- 
ous hard  work  by  a  staff,  of  necessity  underpaid,  the  Director  never  heard 
a  complaint  that  the  hours  were  too  long  or  the  holidays  too  few.  Many 
of  those  connected  with  the  Institute  worked  only  on  special  problems 
and  for  a  short  time,  but  others  devoted  their  lives  to  its  research.  One 
especially,  Dr.  Frederick  D.  Bullock,  was  a  member  of  the  original  group, 
and  he  died  in  his  prime  only  a  few  years  ago.  Some  of  the  original  staff 
still  remain  on  active  duty  and  for  them  we  can  only  wish  that  they  may 
continue  to  contribute  in  the  fields  they  have  made  their  own  and  with 
all  success. 

Respectfully  submitted, 

Francis  Carter  Wood, 

Director 
June  30, 1939 
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